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NPAEN-PR-R  13  November  1965 

SUBJECT:  Snettisham  Project,  Alaska;  Design  Memorandum  No.  7, 
General  Design  Memorandum 


TO:  Division  Engineer 

North  Pacific  Division 


1.  Transmitted  under  separate  cover  are  16  copies  of  subject 
design  memorandum,  each  consisting  of  two  volumes. 

2.  Estimated  project  cost  of  the  first  stage  of  the  Snettisham 
Project  is  $40,300,000.  Benefit-to-cost  ratio  based  on  100-year 
project  life  is  2.20  to  1.  Preliminary  estimated  cost  of  the  second 
stage  development  is  $13,000,000.  When  combined  with  the  more  accu- 
rately determined  cost  of  the  first  stage  of  the  project,  the  estimated 
project  cost  of  the  total  development  is  $53,300,000.  Benefit-to- 
cost  ratio  for  the  total  project  based  on  100-year  project  life  is 
2.57  to  1. 

i 

A • 

3.  Because  of  the  desirability  of  awarding  one  contract  to  cover 
all  excavation  work,  and  the  heavy  design  load  associated  with  such 
procedure,  your  early  approval  of  the  General  Design  Memorandum  is 
requested.  In  the  Interim,  this  office  proposes  to  continue  final 
design  studies  in  accordance  with  the  plan  recommended  therein. 


1 Incl  (under  sep  cover) 
as  (16  cys  of  2 volumes  ea) 


original  COrTAlNS 

REPROPUCUOKS  Wl 


LOR  PLATES:  AU.  000 
BE  IN  O-ACK  AND  MHITf 


I I document  hoc  b?Gn  opp^oved 
'■r,z  pubMc  rolcjcse  and  solo;  f.s 
' is  unlimited. 
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NPDEN-TE  (13  Nov  65)  1st  Ind 

SUBJECT:  Snettisham  Project,  Alaska;  Design  Memorandum  No.  7,  General 


Design  Memorandum 


North  Pacific  Division,  Portland,  Oregon,  4 January  1966 

c I 

TO:  Chief  of  Engineers,  ATTN:  ENGWE-EZ 

1.  The  design  memorandum  is  recommended  for  approval  subject  to 
the  comments  which  follow.  Some  of  the  material  is  presented  in  con- 
siderable detail  for  a general  design  memorandum,  particularly  that 
dealing  with  geology,  transmission  lines,  and  stability  analyses. 

Studies  in  these  areas  are  continuing  and  the  following  comments  will 
be  used  in  the  preparation  of  the  appropriate  feature  design  memorandums. 


a.  Section  5. 

(1)  This  section  presents  a very  conservative  approach  to 
the  treatment  required  to  stabilize  the  foundation.  Paragraph  5.13 
assigns  a shear  strength  of  only  25  and  15  psi  to  the  joint  surfaces. 
Considering  the  irregularity  of  the  joint  surfaces  and  the  load  applied 
if  prestressing  is  to  be  used,  a much  higher  shear  strength  possibly  In 
the  order  of  150  to  200  psi  appears  appropriate.  The  inclusion  of  founda- 
tion prestressing  is  satisfactory  for  estimating  purposes  but  a decision 
on  the  use  of  prestressed  tendons  should  be  withheld  until  additional 
foundation  explorations  confirm  the  need  for  this  type  of  treatment. 

(2)  The  desirability  of  area  grouting  in  the  foundation 
area  in  connection  with  Plan  B (prestressed  foundation)  is  questionable 
because  of  the  adverse  effects  on  natural  drainage.  More  consideration 
should  be  given  to  the  need  for  area  grouting  if  prestressing  Is  included 
in  the  final  plans  by  a study  of  six  inch  cores  across  the  joints  and 
the  bore  hole  photographs.  If  these  indicate  that  the  rock  matches 
perfectly,  the  area  grouting  should  be  deleted.  Curtain  grouting  should 
be  the  same  for  all  plans  considered. With  the  apparent  openness  of  joints 
as  indicated  by  water  losses  during  drilling,  a line  of  drainage  holes 

as  planned  in  paragraph  4.18  in  the  grouting  and  drainage  gallery  along 
with  the  daylighting  of  the  joints  downstream  should  provide  adequate 
drainage. 

(3)  The  further  investigations  discussed  In  paragraph 
5.19  should  not  preclude  continuation  and  possible  completion  of  the 
concrete  dam  design  in  the  interim.  It  can  be  assumed  that  a satisfactory 
foundation  will  be  provided  and  whether  it  is  at  Elevation  785  or  800  + 
should  make  little  difference  except  for  quantities. 
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NPDEN-TE  (13  Nov  65)  1st  Ind  4 January  1966 

SUBJECT:  Snettisham  Project,  Alaska;  Design  Memorandum  No.  7,  General 
Design  Memorandum 

b.  Paragraphs  5.10  and  5.14.  Use  of  the  average  slope  of  the 
undulations  in  the  low  angled  joint  planes  is  believed  overly  conserva- 
tive in  analyzing  the  foundation  strength.  Resistance  to  sliding  Increases 
rapidly  as  the  slope  Increases.  Undulations  steeper  than  about  60  degrees 
have  a shear  friction  factor  of  safety  greater  than  4 without  regard  to 
shearing  strength  of  the  rock.  Thus  any  tendency  to  slide  is  resisted 

by  the  steeper  irregularities  by  shear  through  the  rock. 

c.  Paragraph  5.13.  Prestressing  tendons  cannot  resist  shear 
in  this  application  because  of  overstress  of  rock  or  concrete  in  side 
bearing. 


d.  Paragraphs  5.19  and  6.12. 

(1)  As  indicated  above,  final  determination  on  the  founda- 
tion for  the  dam  should  be  deferred  at  least  until  the  time  of  submittal 
of  Che  specific  design  memorandum. 

(2)  Although  prestressing  has  been  used  to  strengthen 
existing  dams,  its  use  accompanied  with  a reduction  in  the  dam  cross 
section  for  this  project  is  not  recommended  in  the  interest  of  safety. 

e.  Paragraph  6.06.  The  basis  of  selecting  1.5  feet  of  free- 
board was  not  given.  This  amount  appears  inadequate  and  a freeboard  of 
approximately  3 feet  is  recommended. 

f.  Paragraph  6.09.  The  unusually  low  design  shear  values  used 

in  the  stability  analyses  should  be  reconsidered  on  the  basis  of  additional 
subsurface  studies  as  indicated  in  paragraph  a(l)  above. 

g.  Paragraph  6.12.  The  foundation  for  the  maximum  section 
will  be  at  approximate  Elevation  810  for  Plans  A and  B and  785  for  Plan  C. 

A standard  gravity  section  should  be  designed  for  the  maximum  height. 

This  section  will  be  satisfactory  f-'r  any  foundation  elevation  finally 
selected.  The  final  concrete  quantities  can  be  adjusted  at  any  time 
prior  to  advertisement  to  fit  the  foundation  grade  finally  selected. 

h.  Paragraph  6.14.  The  need  for  concrete  paving  on  the  Invert 
and  pneumatically-applied  mortar  on  the  side  should  be  based  on  an 
economic  analysis. 

i.  Paragraph  7.05.  Reference  to  timber  sets  should  read 
"steel  sets". 
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NPDEN-TE  (13  Nov  65)  1st  Ind  4 January  1966 

SUBJECT;  Snettisham  Project,  Alaska;  Design  Memorandum  No.  7,  General 


Design  Memorandum 

j . Paragraphs  7.06  and  8.06.  The  amount  of  rocK  bolting  is 
considered  conservative  for  the  apparent  good  rock  that  is  expected 
However,  it  is  satisfactory  for  preliminary  estimating.  Rock  bolting 
should  be  based  on  requirements  during  construction  on  the  basis  of 
safe  practices. 

k.  Paragraphs  7.11  and  7.13.  Little  is  believed  to  be  gained 
in  designing  the  tunnel  linings  from  the  rock  mechanics  tests  described 
in  these  paragraphs.  The  test^  should  be  held  to  a minimum  or  eliminated. 

l.  Paragraphs  7.10  and  R.I4.  Minimum  penstock  thicknesses 
should  be  based  on  buckling  loads  from  external  pressure.  These  may  be 
determined  by  the  methods  of  Vau^^^hon  or  Amstutz.  To  facilitate  fabrica- 
tion Type  A-537  steel  with  a yield  point  of  50  ksi  should  be  considered 
In  lieu  of  Type  A-517.  Allowance  for  support  from  surrounding  rock  cover 
can  be  provided  by  designing  the  penstock  liner  for  full  internal  -pressure 
including  dynamic  head  at  80%  yield  strength. 

m.  Paragraph  8.12.  Studies  conducted  by  this  office  show  the 
optimum  diameter  for  the  Long  Lake  penstock  to  be  7.5  feet  and  for  Crater 
Lake  penstock  to  be  6.75  feet.  Selection  of  penstock  diameters  will  be 
resolved  prior  to  submittal  of  the  powerplant  preliminary  design  report. 

n.  Section  9.,  An  independent  study  conducted  by  this  office 
confirms  the  selection  of  the  conventional  surface  powerhouse.  This 
study  differed  from  that  given  in  the  report  by  inclusion  of  additional 
variables: 

(1)  Use  of  a different  optimum  penstock  diameter  for  each 
of  the  four  locations  studied  varying  from  7-5  to  9.0  feet  for  Long  Lake 
and  6.75  to  7.75  for  Crater  Lake. 

(2)  Different  WR^  values  and  crane  sizes  for  each  study. 

(3)  Use  of  a 15  percent  contingency  for  aboveground 
work  and  20  percent  for  underground  work. 

On  this  basis  the  total  capitalized  coat  including  head  loss  for  the 
recommended  plan  is  $11,469,000  compared  to  a cost  for  an  underground 
powerhouse  sited  to  provide  the  shortest  connection  between  surge  tank 
and  powerhouse  of  $12,859,000. 

o.  Paragraphs  10 . 05  and  10.06.  Reference  is  made  to  the  attached 
copy  (Incl.  3)  of  NPAEN-PR  letter  dated  28  October  1965,  subject:  "Criteria 
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: NPDEN-TE  (13  Nov  65)  1st  Ind  4 January  1966 

SUBJECT:  Snettlsham  Project,  Alaska;  Design  Menoranduni  No.  7,  General 
Design  Memorandum 

i for  Establishment  of  Plant  Capacity,  Snettisham  Project,  Alaska".  The 

referenced  letter  requests  advice  concerning  sizing  the  generators  to 
suit  Bureau  of  Reclamation  policy  of  not  marketing  capacity  in  the 
15  percent  generator  overload  range.  We  do  not  recommend  sizing  the 
generators  to  suit  the  marketing  policy  for  the  reason  that  the  overload 
capacity  is  continuous  and  as  such  is  marketable.  However,  v/e  do  recommend 
an  Increase  in  the  generator  rating  for  other  reasons.  The  gross 
operating  head  associated  with  Long  Lake  will  range  from  720  to  895 
feet  and  for  Crater  Lake  it  will  range  from  828  to  1,022  feet.  It  has 
been  requested  by  the  Bureau  that  special  interconnections  be  provided 
at  the  powerhouse  so  that  the  turbines  will  operate  from  either  lake  in 
which  event  the  operating  head  on  the  turbine  will  be  from  720  to  1,022 
feet.  The  arrangement  of  Unit  2 provides  for  operating  from  either  lake. 

The  turbines  for  Units  1 and  2 will  be  sized  and  matched  with  generators 
to  provide  dependable  rapacity  at  minimum  pool  or  720  feet  gross  head. 

For  heads  greater  than  720  feet  the  generator  will  limit  the  plant  output 
which  will  require  the  turbine  to  be  operated  at  lesser  gate  openings 
over  the  head  range  resulting  in  correspondingly  decreased  efficiencies. 

A larger  generator  will  provide  greater  flexibility  and  permit  the  turbine 
to  operate  at  correspondingly  higher  efficiencies  as  well  as  provide 
secondary  capacity  which  has  some  benefit  although  we  have  no  method  for 
its  evaluation.  These  intangible  assets  have  been  recognized  at  other 
projects  and  at  Dworshak  the  generator  size  was  arbitrarily  increased 
by  10  percent.  In  view  of  the  above  it  is  recommended  that  the  nameplate 
ratings  of  the  generators  for  Units  1 and  2 be  increased  15  percent  or 
to  26,000  KVA  at  0.9  power  factor,  with  capability  of  operating  continuously 
at  115  percent  rated  KVA.  Mo  increase  in  cost  of  equipment  other  than 
generators  is  anticipated  by  this  change. 

p.  Section  11.  Costs  and  real  estate  requirements  for  helicopter 
pads  for  servicing  the  transmission  line  should  be  included. 

q.  Paragrapli  11.06.  Refi  i nee  to  Plate  3 in  second  sentence 
should  be  Plate  1. 

r.  Paragraph  12.10.  The  Bureau  of  Reclamation  in  Exhibit  1.1 
has  requested  access  to  the  dam  for  wheeled  vehicles  and  is  opposed  to 
maintaining  a tramway.  Accordingly,  a permanent  project  road  extending 
to  the  damsite  should  be  considered  and  included  as  a separate  contract 
bid  item.  Necessary  transfer  of  feature  account  from  Construction  Facility 
to  08,  Roads  should  be  accomplished  prior  to  the  next  budget  submission. 

s.  Paragraph  12.11.  Approval  of  the  Resident  Engineer's  office 
should  be  reserved  until  staffing  is  known  and  a layout  has  been  submitted. 
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NPDEN-TE  (13  Nov  65)  1st  Ind  4 January  1966 

SUBJECT:  Snettisham  Project,  Alaska;  Design  Memorandum  No.  7,  General 
Design  Memorandum 

Normal  space  is  60  square  feet  per  person.  The  proposed  building  with 
3,200  square  feet  appears  to  exceed  this  amount  considerably. 

t.  Paragraph  13.01.  The  principles  of  good  architectural 
design  quoted  in  this  paragraph  have  not  been  exhibited  by  Plates  31 
through  39  which  depict  building  concepts  lacking  in  originality  and  con- 
tinuity in  character  between  the  various  structures.  Intensive  architectural 
design  effort  and  close  coordination  between  the  various  design  offices 

are  required  to  attain  a unity' of  design  in  che  vicinity  of  the  powerhouse. 

u.  Paragraph  16.06.  The  last  sentence  is  no  longer  applicable 
because  of  deferment  of  construction  start  for  the  project. 

V.  Section  17.  Scheduling  and  funding  given  in  this  section 
are  no  longer  applicable 

w.  Paragraphs  17.04  and  17.05.  It  is  essential  that  the  work 
indicated  as  Contracts  A-9  and  B-9  be  accomplished  in  one  contract  to 
obtain  the  benefit  of  the  most  economical  and  practicable  operation. 

The  tolerances  prescribed  for  tunnel  excavation  and  foundation  excavation 
as  shown  are  more  respected  by  the  contractor  if  he  is  responsible  for 
the  concrete  that  replaces  overbreak.  The  overlap  of  contracts  as  now 
shown  in  such  a restricted  area  is  highly  undesirable.  Furthermore, 
the  Army  Audit  Agency  has  recently  been  critical  of  the'  use  of  multi- 
contracts for  project  construction. 

x.  Paragraphs  20.10  and  20.12.  The  District  Engineer  will  be 
requested  to  justify  the  increases  in  E&D  and  S&A  costs  which  are  reported 
in  these  paragraphs. 

y.  Paragraph  21.06.  New  power  values  are  being  developed  by 
the  Alaska  District  pursuant  to  1st  Indorsement,  ENGCW-EZ  to  basic  letter 
from  this  office,  subject:  "Snettisham  Project,  Alaska;  Design  Memorandum 
No.  3,  Selection  of  Plan  of  Development",  dated  29  July  1965.  These 
revised  power  values  will  be  Included  in  the  FY  67  Congressional  submission. 

z.  Paragraph  21.07. 

(1)  The  explanation  of  the  61  percent  Increase  in  benefits  • 
presented  in  this  paragraph  Is  Inadequate.  The  explanation  was  covered 
in  an  exchange  of  correspondence  between  this  office  and  the  Alaska 
District  in  letter  NPDEN-TE,  subject:  "Snettisham  Project,  Alaska; 

Design  Memorandum  No.  3,  Selection  of  Plan  of  Development",  dated  7 June 
1965  and  Ist  Indorsement  thereto,  copy  attached. 
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NPDEN-TE  (13  Nov  65)  1st  Ind  4 January  1966 

SUBJECT:  Snettisham  Project,  Alaskaj  Design  Memorandum  No.  7,  General 
Design  Memorandum 

(2)  Total  benefits  of  $6,119,000  given  in  paragraph  21.07 
do  not  agree  with  the  $6,026,000  total  given  in  paragraph  21.08. 

aa.  Figure  20.  Schedule  is  no  longer  applicable. 

bb.  Exhibit  1.1.  The  foot  bridge  to  reach  the  left  abutment  of 
the  dam  as  requested  by  the  Bureau  of  Reclamation  has  not  been  indicated. 

This  should  be  shown  and  costs  therefor  should  be  included.  The  foot 
bridge  could  possibly  be  located  across  the  stream  downstream  from  the 
dam. 

cc.  Plates . 

(1)  Preparation  of  original  tracings  for  plates  should 
assure  legibility  of  the  report-size  reproductions. 

(2)  Many  of  the  plates  and  figures  do  not  conform  to 
paragraph  10c,  EM  1110-2-1002  nor  standards  of  the  International  Commission 
on  Large  Dams  which  require  that  general  plans,  elevations  and  cross 
sections  of  hydraulic  structures  be  oriented  so  that  the  direction  of 

flow  of  water  is  from  the  top  to  bottom  of  the  sheet  or  from  left  to 
right  on  the  sheet.  Drawings  for  future  reports  and  contract  documents 
should  conform  to  these- requirements. 

dd.  Plates  15  and  16.  Depth  for  the  drainage  and  grout  holes 
for  Plan  A do  not  extend  to  the  same  depth  as  for  Plan  C.  Both  plans 
are  subject  to  the  same  reservoir  pressures  and  have  the  same  drainage 
requirements  so  they  should  be  the  same. 

ee.  Plate  14-A.  The  purpose  of  the  calculations  shown  on  this 
sheet  is  not  clear.  Since  friction  is  independent  of  area  of  contact 
(F  =^N) , there  is  no  need  to  assume  that  the  load  on  the  joint  plane  is 
supported  at  two  points.  In  order  to  determine  the  sliding  resistance 
owing  to  friction  on  the  undulations  and  to  the  weight  on  an  inclined 
surface,  it  is  necessary  only  to  sum  the  forces  acting  normal  to  a plane 
defined  by  angle  (.  S'  ~ 'K  ) with  respect  to  a horizontal  plane  and 
extracting  the  horizontal  resistance.  This  summation  gives  a result 
differing  somewhat  from  the  equation  of  average  angles  shown  on  the 
drawing  and  is  as  follows : 

S./\  - Sin{Ot(K.)cos(0zo^ 

ff.  Plates  24.  25  and  26.  The  upstream  faces  of  the  spillway 
sections  and  nonoverflow  sections  should  lie  in  the  same  plane  using 
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NPDEN-TE  (13  Nov  65)  1st  Ind  4 January  1966 

SUBJECT:  Snettisham  Project,  Alaska;  Design  Memorandum  No.  7,  General 
Design  Memorandum 

the  same  batter.  The  fact  that  the  spillway  ogee  will  be  in  a different 
plane  from  the  nonoverflow  downstream  face  will  be  masked  by  the  training 
walls.  The  upstream  lip  on  the  spillway  ogee  should  not  be  required. 

gg.  Plate  28.  Although  details  have  not  been  developed  for  this 
report,  the  Intake  works  should  be  more  generously  proportioned  and 
concrete  members  should  be  made  more  massive.  Consideration  should  be 
given  to  placing  a divider  wall  behind  the  trashrack  to  separate  the 
power  tunnel  inlet  and  the  reservoir  emptying  inlet.  If  this  were  done, 
wider  spacing  would  be  used  for  the  trashrack  for  the  latter  and  coul'd 
consist  of  reinforced  concrete  beams.  The  need  for  an  emergency  fixed 
wheel  gate  for  the  outlet  tunnel  should  be  considered  further  since  this 
tunnel  will  rarely  be  used  when  the  project  is  in  operation  (draining 
lake  only) . 


hh.  Plate  29.  Provide  a man  door  on  the  penstock  in  the  access 
vault  to  permit  inspection  without  removing  the  8-foot  length  of  removable 
penstock. 


ii.  Plate  31  and  Paragraph  13.05.  Powerhouse  operations  would 
be  Improved  if  the  office  and  machine  shop  were  made  part  of  the  power- 
house building. 

jj.  Hydraulic  Design.  The  feature  design  memorandums  for  this 
project  involving  hydraulic  features  should  include  a section  in  the 
text  covering  hydraulic  design.  The  following  comments  should  be  con- 
sidered in  the  appropriate  feature  design  memorandums: 

(1)  Hydraulic  design  criteria  Including  preliminary  rating 
curves  for  the  diversion  tunnel  to  be  used  both  for  draining  the  lake 
and  diversion  during  the  active  construction  period  should  be  Included. 
Similar  Information  should  be  provided  for  the  outlet  tunnel. 

(2)  Bubbler-type  gages  for  both  pool  and  tailwater  gages 
should  be  considered. 

(3)  The  outlet  control  structure  as  now  shown  appears  to 
lie  in  the  path  of  flow  downstream  from  the  spillway.  Diversion  of  the 
flow  or  relocation  of  the  outlet  structure  may  be  required. 

(4)  On  Pertinent  Data  Sheet  2 the  term  "deck  elevation" 
or  "top  of  the  dam"  should  be  used  rather  than  "crest  of  dam". 
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SUBJECT:  Snettisham  Project,  Alaska;  Design  Memorandum  No.  7,  General 
Design  Memorandum 

(5)  Operation  of  the  combination  of  the  emergency  butterfly 
valve,  transition  and  vertical  bend  in  the  power  penstock  shown  on 
Plate  29  could  produce  damage  to  penstock.  Consideration  should  be  given 
to  Incorporating  and  the  full  transition  from  9 feet  to  7 feet  in  the 
vertical  bend  and  installation  of  a 9-foot  diameter  butterfly  valve. 

This  combination  should  minimize  the  head  losses  in  this  section  of  the 
penstock.  The  air  vent  mentioned  in  paragraph  8.09  is  not  shown  on  the 
downstream  side  of  the  valve  on  Plate  29. 

(6)  Consideration  should  be  given  to  other  types  of  outlet 
control  gates  i.e.,  slide  gate  with  offset  guides  to  prevent  impingement 
of  the  jet.  Criteria  for  selection  of  type  of  outlet  control  gate  should 
be  provided. 


(7)  Since  the  outlet  tunnel  will  be  used  only  rarely  after 
the  project  is  completed,  the  control  gate  should  remain  open  with  closure 
provided  at  the  intake.  A bypass  valve  and  pipe  should  be  provided 
between  the  power  penstock  and  the  outlet  conduit  to  permit  removal  of 
the  outlet  upstream  bulkhead  or  the  emergency  gate  if  the  latter  is 
retained . 


2.  Pursuant  to  paragraph  6c,  EM  1110-2-1150,  it  is  expected  that 
all  design  memorandums  listed  in  the  schedule  of  design  memorandums  will 
be  forwarded  to  your  office  for  approval. 

FOR  THE  DIVISION  ENGINEER: 


3 


Incl 

1.  wd  8 cys 
Added  2 incl 


Colonel,  Corps  of  Engineers 
Deputy  Division  Engineer 


2.  Cy  Itr  7 Jun  65, 

NPDEN-TE,  w/lst  Iiid  thereto 

3.  Cy  Itr  28  Oct  65,  NPAEN-PR 
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ENGCW-EZ  (13  Nov  65)  2ncl  Ind 

SUBJECT:  Snettisham  Project,  Alaska;  Design  Memorandum  No.  7,  General 
Design  Memorandum 

DA,  CofEngrs,  Washington,  D,  C.,  20315,  24  March  1966 
TO:  Division  Engineer,  North  Pacific  Division 

Approved,  subject  to  the  comments  of  the  Division  Engineer  in  the 
first  indorsement  and  to  the  following  comments: 

a.  Section  5.  In  view  of  the  limited  cross  section  width  of  the 
foundation  ridge,  the  high  earthquake  potential  and  the  low  safety  factors 
(1.69-2.43)  shown  in  Figures  15Al  and  15A2,  there  is  a reluctance  to  support 
further  consideration  of  Plan  A.  The  waviness  of  the  weak  joints  is  only 
indicated  in  a very  general  fashion  in  the  design  memorandum  data  and  its 
amplitude  is  not  specified.  Figure  lOA  indicates  that  the  maximum  slope 
between  nodes  must  range  between  55  and  70  degrees  to  provide  a safety 
factor  of  4.0  at  a weak  joint  with  15  degrees  dip  which  is  filled  with 
sandy  and  silty  materials.  The  potential  for  downstream  movement  induced 

by  vertical  earthquake  vibrations  is  a further  adverse  consideration. 

There  is  general  concurrence  with  the  continued  investigation  of  Plans  B 
and  C to  provide  a firm  basis  for  design.  Consideration  should  be  given 
to  a revised  alignment  for  Plan  C which  moves  the  north  half  upstream 
about  25  feet  from  the  left  abutment  to  the  neighborhood  of  DH-30  and  angles 
downstream  across  Section  L to  a point  about  50  feet  east  of  the  end  of 
the  right  abutment  shown  on  Plate  8.  This  alignment  \Jould  move  the  dam  ' 
upstream  on  Sections  H,  I,  J,  and  K on  Plates  13  and  14.  In  general,  the 
rock  contact  at  the  bottom  of  concrete  should  be  sloped  approximately  10 
degrees  to  cross  the  planes  of  potential  weak  joints.  Foundation  investi- 
gations should  be  adequate  to  provide  assurance  that  the  base  of  structure 
is  below  all  significant  weak  joints.  Similarly  the  prestressed  anchorage 
01  Plan  B should  be  of  adequate  depth  to  engage  all  significant  weak  joints. 
The  final  cost  comparison  of  the  two  plans  should  contain  all  relevant 
elements,  such  as  special  drainage  provisions  and  foundation  shaping  between 
high  and  low  areas  at  the  island  and  channel  locations. 

b.  Paragraph  6.12  and  1st  indorsement  paragraph  1 d.(2).  The 
use  of  prestressed  tendons  to  reduce  the  concrete  section  of  the  dam  in 
Plan  B does  not  appear  inconsistent  with  the  general  safety  criteria  of 
the  more  critical  foundation  sections  below  the  rock  contact  and  should 
be  considered  in  the  analysis. 

c.  Paragraph  7.08.  The  cited  rule-of-thumb  for  rock  cover  necessary 
to  resist  internal  tunnel  head  is  unduly  conservative.  This  was  probably 
meant  to  state  a rock  cover  in  feet  equal  to  3 times  the  internal  pressure 

in  pounds  per  square  inch.  In  either  event,  in  this  instance,  a rock  cover 
in  feet  of  1 to  1%  times  the  maximum  internal  tunnel  head  in  feet,  subject 
to  the  quality  of  the  rock  is  believed  ample  for  resisting  the  tunnel  head. 
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ENGCW-EZ  (13  Nov  65)  2nd  Ind  24  March  1966 

SUBJECT:  Snettisham  Project,  Alaska;  Design  Memorandum  No.  7,  General 

Design  Memorandum 


d.  Paragraphs  7.10  and  8.14.  The  guide  specification  for  penstock 
steel  is  being  revised  to  ASTM-A516,  Grade  60,  Firebox  quality.  The  new 
specification  is  equivalent  to  A201  modified  to  include  fine  grain  practice, 
which  is  considered  worth  the  small  additional  cost.  Tlnis  steel  should  be 
specified  when  the  thickness  of  plate  does  not  e.xceed  1).  inches.  In  view 

of  high  transportation  costs  for  extra  weight,  consideration  may  be  given 
to  higher  strength  steels  for  economy.  Allowable  stresses  should  not 
exceed  25  percent  of  ultimate  strength.  Wliere  rock  restraint  is  relied 
upon  to  limit  penstock  stresses  to  the  normal  v^7orking  value  of  one-quarter 
of  the  ultimate  strength,  a minimum  penstock  thickness  should  be  provided 
to  limit  steel  stress  to  80%  of  yield  or  50%,  of  the  ultimate,  whichever 
is  smaller,  under  the  assumption  of  no  rock  restraint. 

e.  Paragraph  14.03.  It  appears  from  the  limited  data  presented 

in  Appendix  C,  Part  I,  that  plus  3-inch  material  is  practically  non-existent 
in  source  A.  Since  it  is  feasible  to  use  6-inch  maximum  size  aggregate  in 
concrete  for  the  dam  and  6-inch  maximum  size  can  be  produced  from  sources 
B and  C,  further  studies  should  consider  differences  in  costs  of  cementing 
materials,  as  well  as  differences  in  temperature  development  within  the 
concrete  which  would  result  if  3-inch  maximum  size  were  considered  in  lieu 
of  6- inch  maximum  size. 

f.  Paragraph  14.05.  It  is  assumed  that  detailed  information  will 
be  presented  on  the  deposit  of  apparently  suitable  sand  that  exists  "within 
a few  hundred  yards  of  source  B proper." 

g.  Paragraph  14.06.  This  paragraph  states  that  the  testing 
program  will  include  thermal  studies  on  coarse  aggregates  for  future  mass 
concrete  temperature  studies.  It  implies  that  thermal  tests  will  be 
conducted  involving  coarse  aggregate  from  sources  A and  B and  reliance 
will  be  placed  cn  Dworshak  Dam  studies  for  source  C.  Sufficient  testing 
of  source  C materials  should  be  performed  to  establish  that  the  Dworshak 
data  may  be  used  with  confidence.  It  appears  that  only  limited  temperature 
studies  will  be  required  due  to  the  relatively  small  size  of  structure. 

h.  Paragraph  14.07.  It  is  doubtful  that  it  would  be  economically 
feasible  to  utilize  two  sources  of  aggregates  for  this  project.  The 
preliminary  proposal  for  use  of  materials  from  source  C will  involve 
approximately  70%  of  the  total  project  volume  of  concrete.  Therefore,  only 
30%  of  the  total  project  volume  of  concrete  would  incorporate  materials 
from  source  B as  tentatively  proposed.  In  further  consideration  of  usage, 
estimates  of  costs  should  be  based  on  quantities  to  be  produced  from  each 
source  if  it  appears  feasible  to  utilize  more  than  one  source  of  material. 
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ENGCW-EZ  (13  ;;ov  65)  2nd  Ind  24  March  1966 

SUBJECT:  Snettisha:n  Project,  Alaska;  Design  Memorandu:a  .Vo.  7,  General 

Design  Memorandum 

i.  With  respect  to  future  submission  of  data,  it  is  requested 
that  a feature  design  memorandum  on  concrete  aggregate  be  submitted  to 
include  all  information  on  aggregate  investigations  and  test  results. 

j.  Figure  20,  paragraph  1 jj  of  1st  indorsement  and  ED!  1110-2-1150. 

It  is  noted  that  this  design  mem.orandum  contains  no  specific  sections 
devoted  to  hydraulic  design  information.  These  studies  are  necessary  to 
insure  satisfactory  sizing  and  operation  of  many  of  the  project  features 
such  as  tunnels,  surge  tanks,  penstocks,  valves,  gates,  and  for  determination 
of  generator  and  turbine  characteristics.  If  approval  of  this  information 

is  delayed  until  the  feature  design  memorandum  stage,  the  already  tight 
time  schedule  shown  in  Figure  20  becomes  impossible.  Attention  is  here 
invited  specifically  to  the  scheduled  submittal  of  design  memorandums  13 
and  16,  and  the  preparation  of  plans  and  specifications  based  on  them. 

Preparation  and  approval  times  should  be  more  realistic.  Ifliile  the 

typical  outline  for  general  design  memorandum  sho^n  in  paragraph  9 of  j 

E>I  1110-2-1150  does  not  contain  a specific  item  devoted  to  hydraulic 
design,  subparagraph  b of  paragraph  7 states  "The  various  design 
memorandums  should  be  scheduled  and  submitted  at  appropriate  intervals 
in  a manner  which  will  meet  the  indicated  purpose  of  the  definite  project 
studies  and  facilitate  orderly  design  and  construction  of  the  project" 
and  paragraph  9 indicates  that  "any  addition^  required  for  the  specific 
case  at  hand"  should  be  included  in  the  general  design  memorandum.  In 
view  of  this,  unless  sufficient  time  can  be  allowed  between  approval  of 
feature  design  memorandums  and  preparation  of  plans  and  specifications, 
hydraulic  design  information  sufficient  for  review/  and  approval  of  the 
proposed  plan  should  be  provided  in  the  general  design  memorandum  phase. 

k.  Plate  27.  Consideration  should  be  given  to  using  control 
gates  at  the  intake  of  the  flood  control  tunnel  instead  of  the  flow- jet 
gate  at  the  end. 

l.  Appendix  C.  Mixer  grinding  studies  should  be  made  as  suggested 
on  page  4 of  the  petrographic  report. 

m.  Exp.anding  the  digital  computer  program  on  Hydro-Power  Plant 
Transients  prepared  by  MIT  under  contract  No.  DA- 25-075-CIVENG-59- I with 
the  Missouri  River  Division  to  suit  the  Snettisham  Project  requirements 
would  furnish  a very  necessary  design  tool.  The  necessary  modifications 
can  be  accomplished  by  the  Missouri  River  Division  under  a contract  with 
Mr,  Frank  Perkins,  the  author  of  the  completed  MIT  computer  program.  Direct 
contact  with  the  Missouri  River  Division  to  accomplish  the  necessary  work 
is  authorized. 

n.  1st  Indorsement  paragraph  In.  Further  planning  and  design 
should  be  based  on  the  conventional  surface  powerhouse. 

o.  Although  references  are  made  to  use  of  costs  of  a comparably 
financed  alternative  for  scoping  the  project,  no  costs  figures  f''r  the 
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ENGCW-EZ  (13  Nov  65)  2nd  Ind  24  March  1966 

SUBJECT:  Snettisham  Project,  Alaska;  Design  Memorandum  No.  7,  General 

Design  Memorandum 

alternative  are  included  in  the  economic  analysis  or  elsewhere  in  the 
memorandum.  These  costs,  the  derivation  thereof,  and  the  comparability 
ratio  should  be  included  in  the  economic  analysis.  In  the  development 
of  these  data  consideration  should  be  given  to  the  greater  reliability 
of  the  at-site  thermal  alternative  with  the  view  to  making  the  comparison 
on  more  comparable  terms. 

p.  The  comparability  Lest  is,  basically,  an  efficiency  test  to 
aeterminc  whether  benefits  can  be  provided  by  means  of  a Federal  project 
at  less  cost  in  terms  of  economic  resources  (land,  labor  and  materials) 
than  by  comparably  financed  alternative  means.  In  the  instant  case  it  is 
noted  that  997o  of  required  project  lands  are  currently  government  o\medj 
and,  therefore,  no  costs  for  these  lands  are  included  in  the  project  costs. 
To  meet  the  objective  of  the  comparability  test  an  economic  value  for 
these  lands  should  be  included  in  the  economic  analyses.  It  is  noted  that 
contiguous  tracts  are  valued  at  $500  per  acre,  which,  if  applied  to  the 
government  lands,  would  increase  the  project  economic  costs  by  about 
$7,500,000.  Although  no  comparability  test  results  were  included  in  the 
design  memorandum  computations,  it  appears  that  the  project  would  still  be 
economically  justified.  In  future  analyses,  a value  should  be  determined 
for  these  lands  for  purposes  of  economic  evaluation.  However,  the  financial 
analyses  should  continue  to  exclude  this  value. 

q.  References  to  division  of  responsibility  for  the  construction, 
operation  and  maintenance  of  the  project  should  be  consistent  in  citing 
the  authorizing  Act  as  the  authority  for  the  dj.vision. 

r.  There  is  some  question  as  to  whether  or  not  the  energy  and 
peak  power  requirements  shown  in  Table  3 and  Exhibit  4 are  total  power 
requirements  of  the  area  or  are  limited  to  the  requirements  of  potential 
power  purchasers.  Usual  procedures  call  for  demonstrating  the  need  for 
project  power  based  on  the  total  power  requirements  of  the  area.  Clari- 
fication is  requested  and,  if  necessary,  power  requirement  data  should 
be  revised  accordingly. 

s.  The  design  memorandum  states  that,  since  existing  productive 
capability  would  not  be  competitive  with  the  cost  of  project  power,  the 
entire  load  of  the  area  would  be  supplied  by  the  project  power  until  fully 
utilized.  This  implies  that  the  existing  capabilities,  indicated  to  be 
about  15,000  kw,  will  be  standby  or  reserve  capacity.  The  FPC  recommends 
that  the  minimum  reserve  in  any  system  be  equal  in  capacity  to  its  largest 
unit.  The  indicated  reserve,  therefore,  would  be  insufficient  to  meet  this 
requirement  and,  further,  would  not  be  able  to  supply  the  estimated  load 
requirement  indicated  in  Table  3,  Therefore,  unless  additions  are  made  to 
the  existing  system  prior  to  installation  of  the  first  unit,  consideration 
should  be  given  to  concurrent  installation  of  units  1 6e  2.  The  load  data 
of  Table  3 also  indicates  that  in  order  to  maintain  adequate  reserves, 
installation  of  the  third  unit  may  have  to  be  advanced  two  years. 
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24  March  1966 
7,  General 


ENGCW-EZ  (13  Nov  65)  2nd  Ind 

SUBJECT:  Snecclsham  Project,  Alaska;  Design  Memorandum  No. 

Design  Memorandum 

t.  A definitive  statement  should  be  obtained  from  the  Bureau  of 
Reclamation  to  indicate  whether  or  not  project  power  can  be  marketed  at 
rates  sufficient  to  recover  annual  project  costs,  including  interest  on 
investment,  within  50  years. 

u.  1st  Indorsement,  paragraph  le.  A freeboard  allowance  of  1.5 
feet  on  the  proposed  Long  Lake  concrete  dam  was  approved  in  OCE  2nd  Indors- 
ement, 8 September  1965,  on  Alaska  District  letter,  13  August  1965,  subject: 
"Snettisham  Power  Project  Spillway  Design  Flood,"  on  the  basis  of  information 
and  recommendations  presented  by  the  District  and  Division  Engineers  in 

that  chain  of  correspondence  and  summarized  in  paragraph  3.21  of  the  subject 
design  memorandum.  An  increase  in  the  freeboard  allowance  from  1.5  feet  to 
3.0  feet  would  afford  some  increase  in  safety  of  the  dam,  including  capability 
to  compensate  for  possible  errors  in  the  spillway  design  flood  estimate, 
errors  in  spillway  rating  curves  or  other  factors.  On  the  basis  of 
information  presented,  there  appears  to  be  little  reason  for  increasing  the 
nominal  freeboard  allowance  of  1.5  feet  above  the  peak  surcharge  level  of 
903.5  feet  expressly  to  prevent  damages  from  possible  wave  action.  Sur- 
charge levels  near  the  maximum  would  prevail  for  only  a few  hours  and  sur- 
charge above  normal  full  pool  level  of  395  should  be  infrequent.  Unless 
the  Division  or  District  Engineers  conclude  that  a higher  dam  is  needed 
to  assure  overall  safety,  the  approved  1.5  freeboard  allowance  should  be 
retained. 


V.  1st  Indorsement,  Paragraph  1 o.  The  increase  in  generator 
ratings  will  also  increase  the  cost  of  the  turbines. 


FOR  THE  CHIEF  OF  ENGINEERS: 


Incl  w/d 
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NPDEN-TE  (13  Nov  65)  3rd  Ind 

SUBJECT:  Snettisham  Project,  Alaska;  Design  Memorandum  No.  7,  General 
Design  Memorandum 

North  Pacific  Division,  Portland,  Oregon,  29  April  1966 
TO:  District  Engineer,  Alaska  District 

1.  Forwarded  to  note  approval  and  for  action  indicated  in  the 
preceding  indorsements. 

2.  Paragraphs  o,  p,  r,  s,  and  t or  the  2nd  Indorsement  have  been 
discussed  with  OCE.  Although  these  comments  were  generally  covered 

in  Design  Memorandum  No.  3,  some  points  require  further  clarification 
and  the  general  design  memorandum  should  briefly  summarize  all  aspects 
of  the  project.  The  questions  raised  should  be  covered  by  indorsement 
or  letter  report  which  would  be  incorporated  in  the  subject  design 
memorandum. 

3.  The  following  comments  pertain  to  the  2nd  Indorsement: 

a.  Paragraph  a.  The  revisions  to  Plan  C proposed  in  the 
2nd  Indorsement  should  be  developed  as  required  to  establish  a cost 
estimate  of  comparable  accuracy  with  other  plans  being  studied.  The 
results  should  be  furnished  either  in  the  feature  design  memorandum 
for  the  dam  or  with  your  reply  to  paragraph  2 above.  The  feature 
design  memorandum  for  the  dam  should  present  a thorough  analysis  and 
cost  comparison  for  dams  having  a prestressed  and  a non-prestressed 
foundation.  The  estimafe  for  rock  excavation  for  the  prestressed 
foundation  should  provide  adequately  for  removal  of  loose  and  open 
rock. 


b.  Paragraph  o.  A paragraph  summarizing  alternative  costs, 
derivation  thereof  and  comparability  ratios  should  be  submitted. 

c.  Paragraph  p.  If  the  project  comparability  test  is  favorable 
when  a reasonable  cost  for  lands  is  included  in  the  analysis,  no  further 
reply  will  be  necessary. 

d.  Paragraph  r . Reference  in  this  paragraph  should  be  to 
Table  3 and  Exhibit  4 of  Appendix  A.  The  comment  is  raised  because 
Bureau  of  Reclamation  letter  (Exhibit  9,  Design  Memorandum  3)  is  not 
clear  whether  power  requirements  are  the  total  for  the  Juneau  area  or 
just  for  loads  served  by  A/J  Industries,  Inc.  and  Alaska  Electric  Light 
and  Power  Co, 


e.  Paragraph  s.  Design  Memorandum  No.  3,  Exhibit  No.  10, 
indicates  local  power  supplying  entities  estimate  there  will  be  approx- 
imately 20,000  kw  available  standby  capacity  in  Juneau  by  the  end  of 
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NI'DliN-Th  (I'J  Nov  65)  3rd  Ind  29  April  1966 

SUliJIX’T : Snettialiam  Project,  Alaska;  Design  Memoranduni  No.  7,  General 
Design  Memorandum 

1969.  Standby  requirements  based  on  present  planning  would  be  23,350  kw 
by  July  1971.  It  should  be  ascertained  if  a firm  and  realistic  estimate 
equal  to  or  greater  than  this  amount  can  be  attained. 

f.  Paragraph  t.  OCE  does  not  consider  that  the  letter  from 
the  Bureau  of  Reclamation  of  23  April  1965,  (Exhibit  No.  15,  Design 
Memorandum  No.  3)  is  sufficiently  definite. 

g.  Paragraph  u.  This  office  agrees  that  1.5  feet  of  free- 
board is  adequate. 

h.  Paragraph  v.  OCE  has  clarified  rltis  paragiaph  by  pointing 
out  tliat  increases  in  turbine  cost  would  be  tliose  resulting  from  in- 
creased shaft  diameter,  bearing  size,  and  incidenlai  increases. 

4.  Request  this  office  be  advised  by  separate  correspondence  of 
tlie  date  reply  required  by  the  above  will  be  recei'ed. 

FOR  niE  DIVISION  ENGINEER: 


CORDON 
Chii.-r , 


• / 
// 


II.'  FIRNALD, 
Engineering 


Jr. 

Division 
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SNETTISHAM  PROJECT,  ALASKA 

Schedule  of  Design  Memorandums 

No. 

Sub iect 

Date 

1 

Hydrology 

15  October  1964 

2 

Hydropower  Capacity 

31  October  1964 

3 

Selection  of  Plan  of  Development 

22  January  1965 

(Revised) 

7 May  1965 

4 

Preliminary  Master  Plan 

22  April  1965 

5 

Access  and  Construction  Facilities 

November  1965 

6 

Deleted 

7 

General  Design  Memorandum 

October  1965 

8 

Preliminary  Design  Report  on  Powerhouse 

June  1966 

9 

Transmission  Facilities 

December  1966 

10 

Power  Intake  Works 

May  1966 

t 

> 

C' 

11 

Real  Estate 

December  1966 

r 

12 

General  Geology 

June  1967  j 

1 

13 

Main  Dam  and  Spillway 

September  1966 

14 

Permanent  Operating  Equipment 

February  1966 

15 

Buildings,  Grounds  and  Utilities 

October  1966 

16 

Diversion  and  Outlet  Works 

May  1966 

17 

Tailrace  and  Powerhouse  Area  Grading 

July  1966 

1 

I 
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SNETTISHAM  PROJECT,  ALASKA 
PERTINENT  DATA 

(Based  on  Recommended  Plan  of  Development  in  Design  Memo  #7) 


LOCATION; 

Near  the  mouth  of  Speel  River,  28  airmiles  southeast 
Alaska  jk 

AUTHORIZED: 


of  Juneau, 


Flood  Control  Act  of  1962,  providing  for  design  and  construction 
by  the  Corps  of  Engineers  and  for  operation  and  maintenance  by 
the  Bureau  of  Reclamation. 


PLAN: 


P r oji^cT 


.Construct  a concrete  gravity  dam  at  ^e  outlet  of  Long  Lake 
to  raise  the  lake  to  elevation  895^^^rill  a 8,175-foot  pow^ 
tunnel  and  a 1,710-foot  penstock  from  Long  Lake  to  a 40,600  KW 
powerplant  at  tidewater.  Tunnel  intake,  trashrack  and  surge 
tank  are  included  in  the  waterways  construction.  From  the 
switchyard,  adjacent  to  the  powerplant,  a 47.3-mile,  138,000-volt 
transmission  line  will  extend  to  a substation  near  Juneau.  Drill 
a 6,000-foot  power  tunnel  and  a 1,690-foot  penstock  tunnel  from 
Crater  Lake  to  the  powerhouse.  Increase  the  powerhouse  capacity 
to  60,900  KW. 

PROJECT  FEATURES ; 


Reservoir  - Long  Lake 


Elevation  of  existing  lake  surface,  feet  815 
Elevation  of  normal  full-pool  water  surface,  feet  895 
Elevation  at  minimum  operating  level,  feet  720 
Initial  active  storage  capacity,  acre-feet  252,000 
Active  storage  after  50-yr.  sedimentation,  acre-feet  249,500 
Active  storage  after  100-yr.  sedimentation,  acre-feet  247,000 

Reservoir  - Crater  Lake 

Elevation  of  normal  full-pool  water  surface,  feet  1,022 
Elevation  at  minimum  operating  level,  feet  828 
Initial  active  storage  capacity,  acre-feet  81,000 
Active  storage  after  50-yr.  sedimentation,  acre-feet  75,000 
Active  storage  after  100-yr.  sedimentation,  acre-feet  70,000 
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Hydrology 


Long  Lake  Crater  Lake 


Drainage  area,  square  miles  30.2 
Annual  runoff,  ayerage  (1916-1963), 

acre-feet  324,300 
Annual  runoff,  maximum  (1943),  acre-feet  421,000 
Annual  runoff,  minimum  (1951),  acre-feet  252,000 


Long  Lake  Dam 


11.4 

147,200 

192.000 

113.000 


Type 

Length,  feet 

Height  of  maximum  section,  feet 
Crest  of  dam  elevation,  feet 
Spillway  crest  elevation,  feet 
Spillway  length,  feet 
Mass  concrete  volume,  cubic  yards 


Concrete  Gravity 
800 
110 
903.5 
895.0 
225 
65,000 


Power  Tunnels 


Length,  feet 
Diameter  (lined),  feet 
Capacity,  cubic  feet  per  second 
Intake  invert  elevation,  feet 


Long  Lake  Crater  Lake 


8,175  6,000 

9.0  7.0 

1,000  450 

700  815 


Surge  Tanks 


Diameter,  feet 

Top  elevation,  feet 

Tunnel  invert  elevation,  feet 

Height  above  tunnel  invert,  feet 

Penstocks 


Length,  feet 

Tunnel  diameter,  feet 

Steel  penstock  diameter,  feet 


Long  Lake  Crater  Lake 


25 

950 

660 

290 


25 

1,050 

795 

255 


Long  Lake 


Crater  Lake 


1,710 

11.0 

7.0 


1,690 

10.0 

6.0 
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Number  units 

Installed  capacity,  kilowatts 

Operating  head,  Crater  Lake,  feet 

Operating  head.  Long  Lake,  feet 

Annual  firm  output.  Kilowatt-hours 

Gross  Average  annual  non-firm  potential,  KW-hours 

Switchyard 


Capacity,  kilovolt-amperes 

Transmission  Line 


Voltage,  volts 

Conductor  size,  MCM  - ACSR 

Overall  length  overhead  section,  miles 

Length  of  steel  tower  sections,  miles 

Length  of  wood  pole  H-frame  sections,  miles 

Length  of  submarine  cable,  miles 

Juneau  Substation 


3 

60,900 
828  - 1,022 
720  - 895 
331,000,000 
20,800,000 


78,000 


138,000 

795 

44.6 

5.3 

39.3 

2.7 


Capacity  - kilovolt-amperes 


80,000 
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DESIGN  MEMORANDL'M  NO.  7 
GENERAL  DESIGN  MEMORANDUM 
SECTION  I - GENERAL 


1.01  Authorization. - Snettisham  Project  was  authorized  by  the 
Flood  Control  Act  of  1962,  Public  Law  87-874,  in  accordance  with  the 
plan  set  forth  in  House  Document  No.  40,  87th  Congress,  First  Session, 
as  modified  by  the  reappraisal  report  dated  November  1961.  The  author- 
izing act  specified  that  the  project  will  be  constructed  by  the 
Secretary  of  the  Army  acting  through  the  Chief  of  Engineers  and  that 

it  will  be  operated  and  maintained  by  the  Secretary  of  the  Interior. 
Pertinent  text  of  the  authorizing  act  is  quoted  in  Design  Memorandum 
No.  1,  Hydrology,  Snettisham  Project,  Alaska.  This  General  Design 
Memorandum,  the  seventh  in  a series  covering  definite  project  studies 
for  the  Snettisham  project,  is  prepared  and  submitted  in  accordance 
with  EM  1110-2-1150. 

1.02  Purpose.-  This  design  memorandum  outlines  the  studies  that 
led  to  the  selection  of  the  plan  proposed  herein  including  all  pertinent 
features  of  the  dam,  power  intake  works,  powerhouse  and  transmission 
facilities.  It  also  includes  an  estimated  construction  schedule  out- 
lining the  desirable  rate  of  construction  in  order  to  meet  the  increasing 
needs  for  power  in  the  Juneau  area.  Also  included  is  a discussion  of 
local  views  and  cooperation  and  the  coordination  with  other  Federal 
agencies. 

1.03  Scope. - The  Snettisham  Project  will  be  constructed  in  two 
stages.  This  General  Design  Memor'and'ijim  covers  the  first  stage  of 
development  which  will  include  the  construcr ion  of  the  Long  Lake  dam 
and  power  intake  works;  the  powerhouse  structure  and  the  tailrace 
facilities;  the  installation  of  two  turbines,  generators,  and  appurte- 
nant facilities;  all  switchyard  and  substation  structures  and  improve- 
ments as  well  as  necessary  station  equipment  to  provide  for  two  generating 
units'  capacity;  all  transmission  lines;  all  dorndtory,  office,  shop 

and  storage  buildings;  and  all  other  general  property  and  equipment 
necessary  for  the  operation  cf  the  project.  The  second  stage  of  develop- 
ment, consisting  of  construction  oi  the  Crater  Lake  power  intake  works 
and  completion  of  the  power  instalZati 'n,  will  be  the  subject  of  another 
General  Design  Memorandum  at  a later  date. 

1.04  The  recommendations  contained  herein  are  based  on  detailed 
mapping  in  the  project  area  and  on  extensive  foundation  explorations 
and  geological  evaluations.  Design  studies  were  made  of  the  dam  found- 
ations and  the  stability  of  the  struct.u/ e.  Additional  studies  were  made 
of  the  transmission  facilities  and  of  the  features  of  the  power  intake 
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works  and  power  plant.  Including  consideration  of  both  underground  and 
surface  powerhouses.  The  studies  were  in  sufficient  detail  to  prepare 
comparative  cost  estimates  and  to  select  the  most  economical  plan. 

1.05  A scoping  analysis  to  determine  the  most  economical  type 
and  height  of  dam  was  contained  in  Design  Memorandum  No.  3,  Selection 
cf  Plan  of  Development;  therefore,  this  study  does  not  include  that 
particular  analysis.  Economic  studies  were  made  to  determine  the  most 
favorable  type,  location  and  elevation  of  powerhouse  and  generating 
equipment;  the  size  and  type  of  tunnel,  surge  tank  and  penstock;  and 
the  most  favorable  route,  voltage  and  conductor  size  for  the  transmission 
line . 


1.06  Prior  Investigations.-  The  power  potentialities  of  Crater 
and  Long  Lakes  were  initially  investigated  by  private  interests,  the 
first  in  1913  with  subsequent  studies  made  in  1922  and  1928.  Although 
applications  were  filed  with  the  V.  S.  Forest  Service  and  Federal 
Power  Commission, the  applicants  failed  to  make  beneficial  use  of  the 
water  and  these  applications  lapsed.  Reports  by  Federal  Agencies 
included  the  Federal  Power  Commission,  the  U.  S.  Forest  Service,  the 
Corps  of  Engineers,  the  Bureau  of  Reclamation  and  U.  S.  Geological 
Survey.  The  Bureau  of  Reclamation  began  more  detailed  studies  in  1958 
and  completed  a feasibility  report  in  1959.  This  report  entitled 
"Crater-Long  Lakes  Division,  Snettisham  Project,  Alaska"  was  published 
in  1961  as  House  Document  No.  40,  87th  Congress,  First  Session.  Shortly 
thereafter  the  potential  industrial  power  load  upon  which  the  power 
facility  had  been  based  was  eliminated  by  the  decision  of  Georgia  Pacific 
Alaska  Corporation  to  forgo  a newsprint  mill  in  the  area.  The  project 
was  reanalyzed,  and  a reappraisal  report  was  completed  by  the  Bureau  of 
Reclamation  in  1961.  The  initial  House  Document  No.  40,  as  modified 

by  the  reappraisal  report,  provided  the  basis  for  project  authorization. 

1.07  Local  Cooperation.-  The  authorizing  act  does  not  require 
local  cooperation  for  the  project. 

1.08  Views  of  Local  Interests.-  The  State  of  Alaska  has  expressed 
approval  of  the  project  and  has  urged  the  early  construction.  The 
proposed  project  has  been  explained  to  and  discussed  with  locql  groups 
on  numerous  occasions,  and  has  been  unanimously  approved  by  those  in 
attendance.  Officials  of  the  City  of  .Juneau  and  the  local  power  marketing 
agencies  have  expressed  a keen  and  favorable  Interest  in  the  project. 

City  officials  are  faced  with  the  prospect  of  adding  additional  diesel 
generation  to  the  present  system  within  the  next  year,  and  further 
additional  generation  will  be  required  by  1970.  For  this  reason  they 

are  extremely  anxious  that  this  lower  cost  hydroelectric  power  be 
available  to  avoid  installation  of  the  second  additional  unit. 

1.09  Project  Location.-  As  shown  on  Plate  1.  the  Snettisham  project 
site  is  located  in  southeastern  Alaska  near  the  mouth  of  Speel  River  in 
the  Tongass  National  Forest.  It  is  28  airline  miles  southeast  of  Juneau 


and  45  miles  from  Juneau  by  water.  The  project  and  all  immediate 
surrounding  areas  lie  in  a rugged  and  almost  completely  unpopulated 
region  with  no  existing  roads  and  is  accessible  only  by  boat  or 
float  plane. 
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SECTION  2 - PROJECT  PLAN 


2.01  Genera  1 . - The  principal  features  of  the  project  plan  are 
described  and  are  compared  with  the  Project  Document  plan  in  this 
section.  The  recommended  project  plan,  as  described  hereinafter,  is 
shown  on  Plate  3.  Certain  modifications  of  the  Project  Document 
plan  are  recommended.  These  changes  have  resulted  partially  from 
revised  operational  planning  by  the  Bureau  of  Reclamation,  who  will 
operate  and  maintain  the  project.  Additional  changes  have  been  made 
as  the  result  of  detailed  planning  studies  and  more  specific  field 
information. 

2.02  Long  Lake  Dam.-  Construction  of  a dam  at  the  outlet  of 
Long  Lake  to  raise  the  existing  level  of  the  lake  by  approximately 
80  feet  to  elevation  895  was  recommended  in  Design  Memorandum  No.  3. 
Details  of  the  dam  are  shown  on  Plate  25.  The  dam  will  be  a gravity 
type  concrete  structure  having  an  overall  length  of  800  feet  and  a 
maximum  height  of  110  feet.  The  spillway  will  be  in  two  sections 
totaling  225  feet  in  length,  with  a crest  elevation  of  895.  The  905 
top  elevation  of  the  non-overflow  sections  will  provide  1.5  feet  of 
freeboard  above  the  maximum  flood  pool  elevation  of  903,5.  The 
outlet  works  will  consist  of  a 9-foot  diameter  concrete-lined  tunnel. 
The  outlet  control  gate  will  be  located,  at  the  downstream  portal  of 
the  tunnel.  It  will  be  used  initially  to  control  the  flow  through 
the  diversion  tunnel  during  the  draining  of  the  lake. 

2.03  Reservoir . - Preliminary  area-storage  curves  for  the  Long 
Lake  reservoir  are  shown  in  Figure  1.  After  the  lake  has  been  drawn 
down  during  construction  of  the  dam,  more  accurate  surveys  will  be 
made  and  final  area-storage  curves  prepared.  The  reservoir  at  full 
pool  elevation  895  will  have  a surface  area  of  about  1,960  acres. 

The  initial  active  storage  capacity  will  be  about  252,000  acre-feet. 

No  clearing  is  planned  in  the  area  to  be  flooded  by  construction  of 
the  dam.  Further  coordination  with  the  Bureau  of  Reclamation  and  the 
Forest  Service  may,  however,  indicate  the  desirability  of  selective 
clearing  to  reduce  the  amount  of  debris  to  be  collected  at  the  dam 
during  operation. 

2.04  Power  Intake  Works.-  The  intake  structure  will  include 
the  trashrack  and  entrance  transitions  for  both  the  outlet  and  power 
tunnels.  The  10  by  27  foot  reinforced  concrete  shaft  which  will 
house  the  bulkhead  and  gate  slots  will  be  approximately  215  feet  in 
height.  The  operating  deck  and  hoist  enclosure  at  the  top  of  this 
shaft  will  be  connected  to  the  top  of  the  dam  by  a 40-foot  long  bridge. 

2.05  The  nine-foot  diameter  concrete-lined  power  tunnel  will 
extend  approximately  8,175  feet  from  the  intake  structure  at  Long 
Lake  to  the  surge  tank.  The  surge  tank  will  consist  of  a 25-foot 
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diameter  concrete-lined  shaft  with  a height  of  250  feet.  A 9-foot 
diameter  steel-lined  riser  will  connect  the  bottom  of  the  surge  tank 
to  the  penstock.  The  butterfly  valve,  which  will  serve  as  the  pen- 
stock emergency  gate,  will  be  located  immediately  downstream  from  the 
surge  tank.  This  valve  will  be  installed  in  a vault,  which  will  also 
allow  access  to  the  tunnel  and  penstock.  Access  to  the  valve  and  access 
vault  will  be  provided  by  a 350-foot  unlined  adit. 

2.06  A section  of  9-foot  diameter  steel-lined  penstock  will  begin 
at  a point  25  feet  upstream  from  the  surge  tank  riser.  This  will  be 
reduced  to  7 feet  through  the  butterfly  valve  and  the  compound  bend 

at  the  upper  end  of  the  inclined  section.  Approximately  60  feet  from 
the  povjerhouse,  a wye  branch  will  be  installed  with  two  4-foot  diameter 
penstocks  continuing  to  the  powerhouse.  A short  section  of  the  Crater 
Lake  penstock  tunnel  will  be  driven,  and  a portion  of  the  steel  lining 
installed  at  the  time  of  initial  construction.  High-strength  steel 
will  be  used  in  the  lining  of  the  lower  portions  of  the  penstocks. 

2.07  Powerplant . - The  powerhouse  will  be  a conventional  reinforced 
concrete  structure  located  at  sea  level.  The  initial  installation  will 
consist  of  two  20,300  KW  generating  units  supplied  by  the  Long  Lake 
penstock.  Provisions  will  be  made  for  future  installation  of  a third 
unit  of  equal  size  to  be  supplied  from  Crater  Lake.  An  additional  valved 
connection  between  the  Crater  Lake  penstock  and  the  second  Long  Lake 
unit  will  be  included,  as  requested  by  the  Bureau  of  Reclamation.  This 
will  allow  continued  operation  of  two  units  from  either  lake  during  a 
shutdown  of  either  tunnel  or  penstock.  The  minimum  tailwater  elevation 
will  be  maintained  at  minus  3.0  by  a control  sill.  An  excavated 
channel  will  convey  the  water  from  the  powerplant  at  low  tides.  It 

will  have  a bottom  width  of  80  feet  and  a slope  of  one  foot  per  thousand. 

2.08  Transmission  Facilities.-  A 138,000-volt,  single-circuit 
transmission  line  will  carry  project  power  to  the  load  center  at 
Juneau.  Total  line  length  will  be  47.3  miles.  The  nature  of  the 
topography  of  the  route  dictates  three  types  of  construction.  Steel 
or  aluminum  tower  structures  will  be  used  for  a distance  of  5.3  miles 
near  the  Snettisham  end.  Wood-pole  H-frame  structures  will  be  used 
over  the  remaining  39.3  miles  of  the  overhead  portion  of  the  line. 

Taku  Inlet  will  be  crossed  by  submarine  cable  using  four,  single- 
conductor, 138,000-volt  cables.  The  fourth  cable  is  included  as  a 
spare  and  will  be  used  in  parallel  with  one  of  the  other  cables  under 
normal  operating  conditions.  The  total  length  of  the  crossing  will 
be  2.7  miles.  Transformers  and  switchgear  at  both  terminals  of  the 
transmission  line  will  be  installed  as  required  in  coordination  with 
the  installation  of  generating  units  in  the  powerplant. 

2.09  Departures  from  Project  Document  Plan.-  The  major  departure 
from  the  plan  presented  in  the  Project  Document  is  the  increase  in 
the  normal  full  pool  elevation  of  Long  Lake  from  815  to  895  by  the 
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construction  of  a dam.  Studies  prior  to  authorization  of  the  Snettisham 
project  indicated  the  desirability  of  a dam  at  the  outlet  of  Long  Lake. 

Although  limitations  of  time  and  funds  for  adequate  field  investigations 
precluded  the  recommendation  of  a dam  at  that  time,  it  was  indicated 
that  further  studies  of  the  feasibility  of  such  a dam  should  be  made. 

Detailed  planning  studies  have  therefore  been  made  which  resulted  in 
the  present  recommendation  for  the  construction  of  the  dam. 

2.10  Another  departure  from  the  Project  Document  plan  is  the 
routing  of  the  transmission  line.  Planning  studies  concerning  the 
construction  and  maintenance  problems  presented  by  the  previously 

recommended  overland  route  resulted  in  the  selection  of  the  slightly  •' 

longer  coastal  route.  Economic  studies  performed  during  preparation 
of  this  design  memorandum  also  resulted  in  a change  in  the  recommended 
transmission  voltage  from  115-KV  to  138-KV. 

2.11  Also  of  significance  was  the  decision  by  the  Bureau  of 
Reclamation  to  forgo  the  construction  of  family  housing  for  employees 
at  the  project  site.  This  resulted  in  the  recommendation  of  a single 
20-man  dormitory  in  place  of  the  fifteen  family  dwellings  included  in 
the  Project  Document  plan. 

2.12  In  addition  to  the  changes  in  the  project  resulting  from 
the  above-described  major  departures  from  the  Project  Document  plan, 
numerous  other  changes  in  the  location  and  characteristics  of  specific 
features  resulted  from  detailed  planning  studies  subsequent  to  project 
authorization.  All  of  the  changes  in  the  Project  Document  plan  are 
considered  within  the  scope  of  the  Project  Document  plan  and  generally 
have  been  approved  during  the  course  of  the  pre-construction  planning 

s tudies . 

2.13  Estimated  Costs--  The  estimated  construction  cost  for  the  : 

recommended  project  plan,  based  on  October  1965  price  levels,  is 

$53,300,000,  excluding  interest  during  construction.  Of  this  cost  the  , 

first  stage  development  constitutes  $40,300,000  and  the  second  stage  j 

$13,000,000.  These  estimated  costs  are  summarized  in  Table  3 and 
detailed  in  Table  5. 


SECTION  3 - HYDROLOGY  AND  WATER  CONTROL 


3.01  Basin  Description.-  The  area  of  the  Long  Lake  drainage 
basin  is  30.2  square  miles;  of  this,  about  8.4  square  miles  or  28 
percent  is  covered  with  permanent  snow  and  ice  fields.  The  elevations 
range  from  814  feet  at  the  existing  lake  level  to  5,193  feet  at  the 
highest  point.  The  reservoir  is  confined  between  steep  rock  V7alls, 
except  at  the  upper  end  where  a glacial  delta  slopes  gently  to  the 
rough  terrain  beyond.  Figure  1 presents  the  area  elevation  and  stor- 
age curves  for  the  Long  Lake  reservoir.  The  basin  is  shown  on  Plate  2. 

3.02  Climatic  Data.-  The  Long  Lake  drainage  lies  well  within 
the  area  of  the  maritime  influence  which  prevails  over  the  coastal 
area  of  southeastern  Alaska.  Consequently  the  area  has  little  sun- 
shine, generally  moderate  temperatures  and  abundant  precipitation. 

The  months  of  April  through  July  mark  the  period  of  lightest  pre- 
cipitation with  monthly  averages  at  the  lower  elevations  ranging  from 
4 to  8 inches.  After  July,  the  monthly  rainfall  increases  until  the 
peak  month  averaging  about  20  inches  is  reached  in  October.  Monthly 
precipitation  averages  then  tend  to  decline  from  October  to  April. 

Normal  annual  runoff  from  Long  River  basin  and  Crater  Creek  basin  is 
194  inches  and  230  inches,  respectively.  Normal  annual  precipitation 
for  these  two  basins  is  estimated  to  exceed  these  values  by  10  per- 
cent. Temperature  variations,  both  daily  and  seasonal,  are  usually 
confined  to  rather  narrow  limits  by  the  dominant  maritime  influences. 
Variations  considered  on  a seasonal  basis  range  from  a monthly  normal 
temperature  of  25°F  in  January  to  55  F in  July.  Extremes  cover  a 
range  of  105°F;  from  the  July  maximum  of  84°F  to  the  December  minimum 
recorded  of  -21°F.  The  average  annual  temperature  is  approximately  40°F. 

3.03  Snow  surveys  were  initiated  at  four  locations  in  the  Long 
Lake  area  during  the  fall  of  1964.  The  results  of  one  course,  which 
may  be  considered  typical  of  the  powerhouse  area,  are  tabulated  below: 


Date 

3 Mar  65 

1 Apr  65 

30  Apr  65 

5 May  65 

Depth,  inches 

92 

73 

64 

62 

Water  Content,  inches 

34 

31 

29 

28 

From  1 November  1964  to  30  April  1965,  the  period  during  which  snow  is 
normally  expected  to  accumulate,  27.95  inches  of  precipitation  was 
recorded  at  the  Juneau  airport.  This  value  compared  to  the  normal  of 
23.48  inches  represents  an  increase  of  19  percent.  Assuming  the  same 
ratio  applied  to  snowfall  at  Snettisham,  the  normal  snowpack  would  be 
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somewhat  lower  than  the  values  given  above.  A more  complete  description 
of  the  climatology  of  the  Snettisham  area  is  included  in  Design  Memo- 
randum No.  1,  Hydrology. 

3.04  Runoff  Characteristics.-  Runoff  characteristics  of  streams 
in  southeastern  Alaska  are  subject  to  maritime  influence.  This  in- 
fluence greatly  increases  the  runoff  per  square  mile  and  also  changes 
the  timing  of  high  flood  flows  from  that  experienced  in  central  or 
interior  Alaska.  While  flood  peaks  do  occur  in  May  and  June,  due  to 
snowmelt  runoff,  the  yearly  peaks  generally  center  around  the  month  of 
September,  These  peaks  are  due  to  the  Intense  fall  rains.  The  peak 
discharge  frequency  for  Long  River  is  shown  on  Figure  2.  Normally, 
about  75  percent  of  the  annual  runoff  occurs  during  the  six-month 
period  of  May  through  October.  In  general,  there  is  very  little  soil 
over  the  underlying  rock  in  the  area;  hence  the  facilities  for  ground- 
water  storage  are  exceedingly  scant  and  the  major  components  of  runoff 
are  mainly  surface  flow  with  some  subsurface  flow  and  almost  no  ground 
water  or  base  flow.  Therefore,  during  dry  spells  the  flow  in  small 
surface  water  streams  becomes  exceedingly  low.  The  average  annual 
runoff  of  Long  River  is  336,900  acre-feet,  with  430,500  as  maximum  and 
276,500  as  minimum.  Average,  maximum  and  minimum  annual  runoff  for 
Crater  Creek  are  139,800,  165,000  and  117,000  acre-feet.  Maximum  and 
minimum  instantaneous  peaks  for  Long  River  are  5,970  cfs  and  2,400  cfs. 
Crater  Creek's  maximum  and  minimum  annual  peak  discharge  are  3,100  cfs 
and  1,270  cfs.  The  summary  hydrograph  for  Long  River  is  shown  on 
Figure  3. 

3.05  Recorded  Streamf lows . - The  U.  S.  Geological  Survey  collects 
streamflow  records  at  Long  River  and  Dorothy  Creek,  near  Juneau.  Stream- 
flow  records  used  in  this  study  are  as  follows: 

Station  Period  of  Record  Drainage  Area  (sq  mi) 

Crater  Creek  at  Crater  Lake 


Outlet 

Feb 

'13 

to 

Dec 

'20 

11.4 

Jun 

'23 

to 

Sep 

'23 

Jun 

'24 

to 

Sep 

'24 

Jun 

'27 

to 

Dec 

'32 

Dorothy  Creek 

Oct 

'29 

to 

Oct 

'41 

15.2 

Sep 

'42 

to 

Dec 

'43 

Jun 

'44 

to 

present 

Long  River 

Oct 

'15 

to 

Sep 

'24 

32.5 

Oct 

'26 

to 

Dec 

'26 

Jun 

'27 

to 

May 

'33 

Oct 

'51 

to 

present 
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3.06  Simulated  Monthly  Flows.-  The  present  practice  in  design 
of  water  resource  projects  includes  the  routing  of  monthly  streamflows 
based  on  past  records  through  project  facilities  in  order  to  determine 
project  accomplishments.  A system  of  synthesizing  monthly  runoff  is 
used  to  overcome  some  of  the  deficiencies  in  the  present  practice  of 
assuming  that  historical  runoff  will  be  repeated.  Synthesizing  per- 
mits a reasonable  mathematical  determination  of  expected  project 
benefits  insofar  as  hydrologic  factors  are  concerned.  In  order  to 
examine  the  project  under  more  realistic  assumptions,  forty  independ- 
ent 50-year  periods  of  monthly  records  were  generated  synthetically. 
The  procedure  followed  is  outlined  in  "Technical  Bulletin  No.  1, 
Simulation  of  Monthly  Runoff,"  published  by  the  Hydrologic  Engineering 
Center  of  the  U.  S.  Army  Corps  of  Engineers,  Sacramento,  California, 
in  November  1964.  The  project  was  then  examined  using  higher  than 
and  lower  than  normal  flows  for  a 50-year  period.  The  results  of 
this  examination  shows  that  should  the  50  years  be  wetter  than  normal, 
the  effect  on  prime  power  would  be  negligible.  However,  should  the 
50  years  be  dryer  than  normal,  the  effect  would  be  a reduction  of  up 
to  3 percent  in  the  amount  of  prime  power  that  could  be  generated.  A 
frequency  curve  was  derived  using  the  values  of  the  developed  forty 
50-year  periods  and  is  shown  on  Chart  4 of  the  Power  Appendix.  As 
may  be  seen  from  this  chart,  there  is  a 90  percent  chance  that  the 
average  annual  volume  in  acre- feet  for  the  next  50  years  will  be  in 
the  range  of  316,500  to  330,400  acre-feet.  The  following  is  a tabu- 
lation in  descending  magnitude  of  the  average  flows  in  acre-feet  per 
year  of  the  forty  50-year  periods; 

AVERAGE  annual  FLOWS 
PER  50  year  period 
ACRE  FEET 


333,700 

325,600 

323,400 

320,800 

331,800 

325,500 

322,900 

320,800 

328,600 

325,500 

322,700 

320,500 

327,200 

325,300 

322,700 

320,100 

326,900 

325,100 

321,900 

319,200 

326,700 

324,500 

321,800 

319,000 

326,300 

324,400 

321,500 

318,400 

325,900 

324,200 

321,300 

318,000 

325,800 

323,800 

321,300 

318,000 

325,600 

323,500 

320,800 

311,200 

3.07  ^ 

illway  Design  Flood.- 

Since  a dam  will  be 

constructed 

at  the  outlet 

of  Long  Lake,  derivation 

of  a spillway  design  flood  is 

necessary.  Both  a spring  flood  due 

to 

rain  and  snowmelt 

and  a fall 
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flood  due  to  rain  were  developed  to  determine  which  would  be  more  criti- 
cal. The  IBM  1920  computer  in  the  North  Pacific  Division  office  was  used 
in  these  developments  with  general  guidance  provided  by  their  Water 
Control  Branch.  Criteria  used  in  the  study  are  as  follows: 

a.  May,  three-day  probable  maximum  precipitation  of  24.4  inches. 

b.  September,  three-day  probable  maximum  precipitation  of  33.2 

inches . 

c.  Snowpack  water  equivalent  of  52  inches  on  15  May. 

d.  Losses  to  groundwater  and  atmosphere  considered  negligible 
due  to  the  underlying  rock,  high  humidity  and  preliminary  snowmelt. 

e.  Two  routings  of  the  May  flood  were  made  with  initial  lake 
stages  at  875  feet  and  895  feet,  respectively. 

f.  September  flood  routed  using  an  initial  pool  elevation  of 
896.3  feet. 

g.  Routing  phases  were  varied  until  a reasonable  lag  time  was 

found . 

h.  A high  base  flow  of  1,400  cfs  was  assumed  during  the  September 
storm  to  account  for  glacial  melt  and  anticedent  rains. 

3.08  Critical  hydrometeorological  data  were  supplied  by  the  Hydro- 
meteorological Section  of  the  U.  S.  Weather  Bureau.  Solar  radiation  was 
calculated  using  CRREL's  Research  Report  No.  160,  "Daily  Sums  of  Global 
Radiation  for  Cloudless  Skies."  Snowmelt  rates  were  calculated  using 

EM  1110-2-1406,  "Runoff  from  Snowmelt."  The  snowmelt  computations  are 
shown  on  Table  1.  The  block  diagram  which  depicts  the  sub-basin  divi- 
sions used  in  the  computer  program  is  shown  on  Figure  4.  These  sub- 
basins are  also  shown  on  the  Basin  Map,  Plate  2. 

3.09  Two  lake  stages,  875  and  895,  were  used  in  the  May  flood 
routing  as  it  is  quite  probable  that  the  lake  will  be  drawn  down  low 
every  spt  ’g.  Pool  regulation  and  power  studies  indicate  that  the 
maximum  May  elevation  would  be  855  feet.  Twenty  feet  was  arbitrarily 
added  to  this  as  a safety  measure.  During  the  September  flood,  it  is 
reasonable  to  assume  that  the  pool  will  be  up  to  the  spillway  crest 
elevation  of  895  feet.  At  the  start  of  this  flood,  it  was  also  assumed 
that  of  the  1400  cfs  base  flow,  1000  cfs  would  be  passing  over  the  spill- 
way, with  400  cfs  passing  through  the  powerhouse.  This  1000  cfs  makes 

an  initial  pool  elevation  of  896.3  feet. 
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3.10  The  September  flood  is  the  most  critical  with  a peak  in- 
flow of  30,400  cubic  feet  per  second  (cfs),  a peak  outflow  of  21,300 
cfs  and  a maximum  pool  elevation  of  903.5  feet.  The  May  flood,  with 
starting  pool  elevation  of  875,  produced  a peak  inflow  of  22,800  cfs, 
a peak  outflow  of  14,700  cfs  and  a maximi'm  pool  elevation  of  901.8. 
With  starting  elevation  at  895  and  a peak  inflow  of  22,800  cfs,  the 
peak  outflow  is  16,100  cfs  and  the  pool  reaches  a maximum  elevation 
of  902.1  feet.  The  above  values  are  for  a 225  foot  wide  spillway. 

The  September  and  May  floods  are  shown  on  Figures  5 and  6,  respec- 
tively. 

3.11  Spillway  crest  elevation  is  895  feet  and  the  width  is  225 
feet.  A width  of  225  feet  was  originally  chosen  working  with  a 
design  head  of  10.5  feet.  When  the  floods  were  developed  and  routed, 
widths  of  200,  225  and  250  were  used.  This  narrow  range  in  width 
selection  was  maintained  because  of  the  physical  characteristics  of 
the  dam  site.  The  results  of  these  routings  of  the  September  flood 
with  initial  lake  stage  at  896.3  feet  and  a spillway  crest  of  895 
feet  are  as  follows: 

Spillway  Width  Peak  Outflow  Elevation 

Feet cfs Feet 


200 

20,000 

903.8 

225 

21,300 

903.5 

250 

21,300 

902.9 

3.12  Ice. - Long  Lake  normally  freezes  over  in  November  and  is 
usually  free  of  ice  by  late  June  although  isolated  blocks  of  ice 
still  exist  in  late  July.  Ice  measurements  made  in  March  of  1965 
revealed  thicknesses  between  4 and  5 feet  over  the  entire  lake. 

The  upper  foot  was  composed  of  layers  of  snow  and  ice  saturated 
with  water  and  partially  refrozen.  It  is  believed  that  the 
saturated  upper  layer  is  caused  by  the  depression  of  the  original 
ice  layer  by  the  weight  of  subsequent  snowfall.  This  allows  lake 
water  to  overflow  onto  the  original  ice  surface.  This  overflow 
water  then  freezes  and  the  process  is  repeated.  This  ice  cover  will 
have  no  significant  effect  on  project  operations  due  to  the  depths 
at  which  the  intakes  will  be  located. 

3.13  Sedimentation. - There  are  no  data  presently  available  f 

concerning  sediment  loads  carried  by  the  streams  tributary  to  Long 
Lake  reservoir.  The  streams  are  predominately  glacial  and  as  such 
carry  suspended  sediment  and  bed  loads.  Measurements  of  the  sus- 
pended sediments  in  the  existing  lake  were  made  in  the  spring  and 
summer  of  1965.  The  results  of  these  data  are  summarized  in  Table 
2.  The  first  set  of  observations  were  made  in  March  1965  through 
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5 to  6 feet  of  Ice  cover.  Tne  second  set  of  observations  v.'ere  made  in 
July  1965  after  virtually  all  of  the  ice  cover  had  melted  from  the  lake 
and  overturning  had  occurred.  These  observations  indicated  an  extremely 
low  concentration  of  suspended  sediments.  Observations  of  the  delta 
formed  at  the  head  of  the  lake  indicates  that  a large  amount  of  bed  load 
material  is  being  deposited.  This  material  is  water  borne  and  a fairly 
rapid  rate  of  deposition  is  indicated.  This  material  ranges  in  size 
from  4 inch  cobbles  to  fine  sands.  In  addition  to  the  material  being 
transported  to  the  lake  by  water,  a substantial  amount  is  introduced  by 
I the  action  of  snow  slides.  Some  of  this  latter  material  is  organic  and 

! most  of  the  material  is  deposited  in  the  portion  of  the  lake  that  will 

‘ become  inactive  storage. 

3.14  Because  of  the  lack  of  information  on  the  actual  sediment 
load  carried  into  Long  Lake  reservoir,  it  is  not  possible  to  compute 
the  annual  storage  depletion  i'V  direct  methods;  however,  a reasonable 
estimate  may  be  made  by  indirect  methods.  The  Tonsina  River,  located 
in  the  Copper  River  Basin,  has  a drainage  area  with  characteristics 
similar  to  that  of  Long  Lake.  Forty-seven  suspended  sediment  measure- 
ments made  during  the  last  few  years  indicate  an  average  suspended 
sediment  concentration  of  113  parts  per  million.  Applying  this  ratio 
to  Long  Lake's  average  annual  inflow  of  324,300  acre-feet  yields  an 
annual  sediment  inflow  of  37  acre-feet  per  year.  Measurements  of  the 
suspended  sediments  near  the  lake  outlet  indicate  an  average  concen- 
tration of  about  5 parts  per  million.  This  would  indicate  a suspended 
sediment  outflow  of  about  2 acre-feet  per  year.  Thus  about  35  acre- 

; feet  per  year  are  contributed  to  the  reservoir  by  suspended  sediments. 

No  data  are  available  concerning  movement  as  bed  load;  however,  for 
the  purpose  of  this  study  an  average  annual  contribution  of  15  acre- 
feet  has  been  assumed,  thus  yielding  an  average  annual  total  storage 
depletion  of  50  acre-feet.  Observation  of  the  uniformity  of  the 
suspended  sediment  concentration  throughout  the  lake  indicates  that 
almost  all  of  the  inflowing  materials  are  deposited  shortly  after 
reaching  the  lake  waters;  therefore,  it  may  be  assumed  that  all  of 
the  storage  depletion  will  occur  in  live  storage.  It  is  tentatively 
I planned  to  establish  seven  "Detailed  Study  Ranges."  A stream  gaging 

station  is  proposed  at  the  location  shown  on  Plate  2.  Suspended  sedi- 
ment and  bed  load  samples  will  be  collected  at  this  station, 

3.15  An  interesting  phenomenon  may  be  observed  when  the  lake 
is  drawn  down  for  construction.  It  is  planned  to  draw  the  lake 
level  down  to  elevation  680.  This  is  well  below  the  minimum  power 

! pool  and  it  is  expected  that  the  inflowing  waters  will  wash  some  of 

\ the  sediments  out  of  the  active  storage  area  and  deposit  them  in  the 

dead  storage  area.  In  order  to  examine  this  it  is  planned  to  map  the 
exposed  floor  of  the  reservoir  immediately  after  drawdown  and  just 
prior  to  refilling.  A revised  storage  area  curve  will  be  prepared. 


J 
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3. 16  HydrumeteoroloRical  Data  Instrumentation.-  In  order  to 
insure  efficient  utilization  of  the  projects  water  resources,  it  is 
considered  necessary  to  install  instruments  to  measure  and  telemeter 
precipitation,  temperature,  wind,  reservoir  stage,  tailwater  and 
tide  stage  and  the  accumulated  snowpack  in  the  area. tributary  to 
the  reservoir.  It  is  presently  proposed  that  the  telemetered  infor- 
mation will  be  received  and  recorded  in  the  powerhouse  control  room. 

3.17  Two  permanent  climatological  stations  are  proposed:  a 
standard  cooperative  station  in  the  camp  area  and  a second  station 
to  be  in  the  area  tributary  to  the  reservoir.  Information  from  the 
second  station  will  be  telemetered  to  the  powerhouse.  An  anemometer 
will  be  installed  near  Taku  Inlet.  Data  from  this  installation  will 
be  used  in  the  transmission  line  design  and  the  site  will  be  abandoned 
when  this  need  is  fulfilled. 

3.18  A reservoir  stage  gdge  will  be  installed  during  the  con- 
struction of  the  dam  and  outlet  works.  Because  of  the  wide  range  in 
reservoir  elevations  it  will  not  be  feasible  to  install  a vertical 
shaft  for  the  float  gage.  An  inclined  gage  similar  to  that  developed 
by  the  U.  S.  Bureau  of  Reclamation  for  operation  of  their  Eklutna 
project  or  a bubbler  type  gage  will  probably  be  installed.  It  will 
be  necessary  to  transmit  this  information  to  the  powerhouse  either 

by  accofitrol  cable  or  a remote  radio  system.  A standard  float  tail- 
water  gage  will  be  installed  on  the  downstream  side  of  the  powerhouse. 
This  information  will  also  be  telemetered  to  the  powerhouse. 

3.19  The  snowpack  in  the  area  tributary  to  the  reservoir  will 
be  measured  by  a Pressure  Pillow  of  the  type  recently  developed  by 
the  U.  S,  Soil  Conservation  Service.  This  device  has  been  tested 
and  has  worked  well  on  Mt.  Hood,  Oregon,  where  the  snow  conditions 
are  quite  similar.  This  information  will  be  telemetered  to  the  power- 
house. Additional  snow  courses  may  be  established,  if  needed, 

3.20  The  estimated  costs  for  the  above  instrumentation  are  as 
follows : 


Climatological  Stations  $ 5,000 

Anemometer  3,000 

Reservoir  Stage  Recorder  5,000 

Tailwater  Stage  Recorder  3,000 

Pressure  Pillow  and  Snow  Courses  5,000 

Tide  Stage  Recorder  3,000 

Telemetering  NetWork  24,000 

Contingencies  7.000 


Total  Cost  $55,000 
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3.21  Freeboard  Allowance.-  The  freeboard  allowance  is  1.5  feet, 
giving  a top  of  dam  elevation  of  905  feet.  This  allowance  is  based  on 
the  following  criteria; 

a.  The  pool  will  be  at  maximum  elevation  for  only  a few 
hours  during  the  Maximum  Probable  Flood. 

b.  The  material  upon  which  the  dam  will  be  b|uilt  is  rock, 
not  susceptible  to  eroding,  and  overtopping  of  the  dam  would  be  non- 
damaging. 

c.  The  fetch  for  wave  build-up  is  quite  short,  with  40 
miles  per  hour  winds  producing  two-foot  waves.  However,  as  the  Pro- 
bable Maximum  Precipitation  storm  comes  from  the  sea,  the  wave  pro- 
ducing winds  during  the  storm  would  send  waves  to  the  opposite  end  of 
the  lake. 

d.  The  downstream  channel  and  vicinity  is  steep,  rocky,  un- 
populated and  has  a short  distance  of  five  miles  to  tidewater. 

3.22  Tailwater  Data.-  The  powerhouse  and  operating  facilities 
are  not  located  in  the  valley  below  the  dam;  therefore,  releases  from 
the  spillway  or  outlets  will  not  affect  these  designs.  The  power- 
plant  housing  and  operating  facilities  will  be  located  slightly  above 
sea  level  in  the  area  Indicated  on  Plate  3.  In  order  to  accurately 
determine  the  range  of  tides  to  be  expected  in  the  project  area,  a 
recording  tide  gage  was  installed  on  Speel  Arm  at  the  point  indicated 
on  Plate  2.  This  gage  was  placed  in  operation  on  11  January  1965 
and  tidal  records  from  that  time  to  24  August  1965  were  collected  and 
analyzed.  Highest  and  lowest  expected  tides  were  obtained  by  a direct 
correlation  with  the  highest  and  lowest  tides  observed  at  Juneau.  The 
results  of  these  studies  are  presented  in  the  following  tabulation: 


Snett isham 

Juneau 

Local  Datum 

MLLW 

Highest  Expected  Tide 

11.4 

22.6 

Mean  Higher  High  Water 

4.76 

16.40 

Mean  High  Water 

3.73 

15.40 

Half  Tide  Level 

-2.90 

8.50 

Mean  Low  Water 

-9.52 

1.60 

Mean  Lower  Low  Water 

-11.14 

0.00 

Lowest  Expected  Tide 

-16.8 

-5.8 

Tidal  Range 

28.2 

28.4 
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The  tide  data  described  above  is  based  on  a seven-month  period  of 
record.  This  is  not  considered  to  be  enough  record  for  an  abso- 
lutely accurate  determination  of  the  tidal  characteristics;  therefore, 
after  one  Lunar  year  of  record  has  been  obtained,  another  analysis 
will  be  made.  It  is  not  expected  that  these  latter  values  will 
differ  from  the  previous  values  by  an  amount  significant  enough  to 
affect  the  project  design. 

3.23  Design  Wave  on  Speel  Arm.-  A storm  wave  of  2.9  feet  has 
been  computed  for  the  camp  and  powerhouse  area.  This  is  based  on  a 
60  mile  per  hour  southerly  wind.  This  wind  is  considered  to  be 
sufficiently  rare  for  design  standards. 


SECTION  4 - GENERAL  GEOLOGY  AND  SITE  INVESTIGATIONS 


4.01  Background  Information.-  Although  much  of  the  following 
general  geologic  background  information  is  similar  to  that  submitted 
in  Design  Memorandum  No.  3 (January  1965),  a number  of  significant 
changes  or  modifications  have  been  developed  as  a result  of  further 
evaluations  and  studies  performed  during  the  recent  1965  field 
season.  This  report  presents  results  of  the  most  recent  explorations 
and  office  studies  and,  therefore,  supersedes  the  geological  informa- 
tion contained  in  Design  Memorandum  No.  3. 

4.02  Introduction. - Both  the  geographical  and  geological  settings 
for  the  Snettisham  hydro-electric  development  present  many ' important 
features  which  will  have  a significant  influence  on  the  planning, 
design,  construction  and  ultimate  operation  of  the  project.  The 
following  Summarized  presentation  of  this  environmental  setting  is 
based  upon  background  data  contained  in  United  States  Geological  Survey 
publications,  and  upon  extensive  field  investigations  and  studies 
conducted  by  Alaska  District  during  the  1964  and  1965  field  seasons. 

4.03  Geographical  Setting.-  The  Snettisham  project  is  located 
within  the  Tcngass  National  Forest  on  the  Alaska  mainland,  approxi- 
mately 28  air  miles  southeast  of  Juneau  (Plate  1).  The  project  area 
lies  in  a very  rugged  and  almost  completely  unpopulated  region  with 

no  existing  roads,  and  is  accessible  only  by  boat  or  float  plane.  The 
climate,  typical  of  southeastern  Alaska,  is  characterized  by  moderate 
temperatures  at  sea  level,  mild  winters,  cool  summers  and  heavy  precipi- 
tation, mostly  in  the  form  of  rain.  The  annual  rainfall  averages  approxi 
mately  140  inches  at  the  project  and  snowfall  during  winter  months  some- 
times accumulates  to  depths  of  ten  feet  or  more.  Forest  cover  with 
accompanying  dense  undergrowth  extends  from  sea  level  to  a maximum 
altitude  of  approximately  2,500  feet,  but  these  timbered  areas  are  often 
broken  by  large  muskegs  which  do  not  support  tree  growth. 

4.04  Regional  Geology.-  A complete  treatment  of  all  aspects  of 
the  regional  geology  and  of  its  application  to  the  development  and 
operation  of  the  Snettisham  project  will  be  submitted  in  a "General 
Geology  Design  Memorandum"  scheduled  for  completion  in  June  1967.  The 
following  discussion  provides  a brief  but  overall  geological  background 
of  southeastern  Alaska  covering  the  essential  features  of  the  geological 
environment  commensurate  with  the  scope  of  this  report. 

4.05  The  southeastern  coast  of  Alaska  is  generally  a coastline 
of  submergence  resulting  at  least  partially  from  geologically  recent 
rises  in  sea  level.  As  such,  it  has  well  developed  drowned  river 
valleys  or  "fiord"  type  features  wherever  westward  flowing  rivers  meet 


the  sea  (Plate  4).  These  "fiord"  type  features  have  also  been  caused 
by  the  unusually  deep  scouring  of  river  valleys  in  their  lower  reaches 
by  past  glacial  action.  Extensive  stream  aggradation  with  resultant 
valley  clogging  by  alluvial  sediments  has  occurred  in  many  of  the  larger 
river  systems  near  their  mouths.  When  combined  with  the  unusually  high 
tidal  ranges  in  the  area,  this  has  given  rise  to  extensive  tidal  mud 
flats  along  portions  of  the  inundated  coastline.  As  an  overall  result, 
many  streams  have  braided  and  meandering  patterns  throughout  the  lower 
reaches  of  their  drowned  valleys.  In  sharp  contrast  to  these  gentle 
stream  gradients  near  the  immediate  sea  coast,  many  precipitous  stretches 
occur  as  streams  emerge  and  cascade  down  from  steep  mountain  fronts 
which  parallel  the  irregular  coastline.  Most  major  streams  have  active 
glaciers  at  their  headwaters  and  their  courses  from  these  points  of 
origin  to  the  sea  are  usually  well  marked  by  typical  glacial  eroslonal 
features  such  as  "U"-shaped  valleys,  cirque  lakes.,  hanging  tributary 
valleys,  truncated  spurs,  and  morainal  deposits. 

4.06  The  country  rock  of  this  portion  of  southeastern  Alaska  consists 
of  rock  units  derived  from  and  associated  with  the  Coast  Range  batholith. 
TViis  batholith  is  a very  extensive  and  complex  body  of  igneous  and  meta- 
morphic  rocks  which  generally  parallels  the  Pacific  coastline  and  trends, 
therefore,  in  a roughly  northwest-southeast  direction  (Plate  4).  The 
intrusion  of  the  batholith  into  formerly  existing  sedimentary  rocks  is 
believed  to  have  occurred  in  Cretaceous  time  (approximately  120  million 
years  ago)  probably  during  the  "Laramide  Revolution."  This  represents 

an  epoch  of  geologic  time  in  which  many  such  world-wide  batholithic 
intrusions  and  mountain  making  processes  were  taking  place  on  earth.  The 
intruded  area  has  since  been  re-uplifted  by  orogenic  movements  to  form 
the  present  Coast  Range  of  mountains,  and  as  such  now  contains  igneous 
rocks  of  the  original  batholith  in  addition  to  composite  mixtures  of 
igneous  and  metamorphic  rocks  derived  from  alteration  of  the  pre-Cretaceous 
sedimentary  rocks. 

4.07  This  entire  uplifted  igneous-metamorphic  complex  has  since 
been  highly  modified  by  the  various  agents  of  erosion.  Most  prominent 
of  such  agents  has  been  ice  from  all  four  of  the  major  continental  ice 
sheets  of  the  Pleistocene  epoch  and  from  associated  alpine  glaciation. 
Water  erosion  by  rivers  and  streams  has  also  played  an  important  role 
in  sculpturing  the  mountainous  landscape  of  this  general  region,  but 
most  of  such  subsidiary  erosional  patterns  are  superimposed  on  the  more 
dominant  glacially  carved  features.  To  a large  extent  the  most  prominent 
eroslonal  features  have  been  developed  along  joints,  faults  and  lithologic 
boundaries,  which  in  past  times  have  afforded  initial  degrees  of  differ- 
ential erosion  along  which  water  courses  and  later  glacial  courses  could 
become  firmly  established.  Most  major  valleys  and  even  minor  tributary 
draws  throughout  this  area  are  therefore  topc'graphic  expressions  of  the 
primary  and  secondary  rock  structures  of  the  region.  Major  faulting 

and  much  of  the  jointing  reflected  by  this  topographic  expression  has 
resulted  from  crustal  movements  which  have  taken  place  after  the  intrusion 
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and  consolidation  of  the  Coast  Range  batholith.  These  crustal  move- 
ments are  believed  to  have  taken  place  in  conjunction  with  the  latest 
orogenic  upheaval  resulting  in  the  formation  of  the  present  Coast 
Range  mountains,  but  some  such  rock  cleavage  may  also  be  related  to 
earlier  stresses  resulting  from  ccoling  of  the  original  batholith. 

4.08  Isolated  zones  of  heavily  fractured  or  decomposed  bedrock 
that  are  now  seen  to  exist  are  almost  always  associated  with  faulting 
or  with  close  systems  of  jointing.  With  the  exception  of  these 
localized  zones  of  rock  deterioration;,  few  deep  pockets  or  area-wide 
zones  of  deep  residual  weathering  are  believed  to  exist  throughout 
the  extensive  reaches  of  the  Coast  Range  mountains.  This  is  believed 
to  be  due  primarily  to  the  very  recent  advance  and  retreat  of  regional 
glaciation  in  the  area.  Such  a noticeable  lack  of  widespread,  deeply 
weathered  zones  in  bedrock  in  an  area  of  142  inches  of  annual  rainfall 
is  a very  rare  phenomenon  and  can  only  be  explained  by  the  efficient 
removal  of  nearly  all  regolithic  materials  by  glacial  scour.  This 
scouring  has  been  sufficiently  recent  to  prevent  a build-up  of 
significant  further  residual  weathering  products  on  the  bedrock  surfaces. 
Accumulations  of  unconsolidated  materials  derived  from  these  sources 

and  transported  from  their  points  of  origin  may  now  be  seen  in  debris 
cones  at  the  heads  of  glacial  lakes,  in  alluvial  fan  outwash  deposits 
and  as  alluvial  or  moraine  fillings  in  the  canyons  and  valleys  of 
the  region. 

4.09  Project  Site  Geology.-  Tie  predominant  rocks  which  occur 
within  the  immediate  area  of  the  Snettisham  project  consist  of  quartz 
diorite,  gneiss,  and  some  localized  phases  of  biotite  schist  which 
all  occur  in  a somewhat  interwoven  and  random  distribution  pattern 
throughout  the  main  rock  body  at  the  site  (Photo  24'..  Due  to  recent 
glacial  sccur  in  this  area  and  resultant  removal  of  most  weathered 
surface  rock  materials,  the  majority  of  the  bedrock  which  will  be 
encountered  by  proposed  engineering  structures  will  be  relatively 
fresh,  dense  and  of  durable  quality.  Localized  exceptions  to  this 
will  definitely  occur,  chiefly  in  association  with  the  several  major 
shear  zones  which  occur  in  the  area.  These  relatively  narrow  zones 

in  which  the  rock  has  been  crushed  and  broken  have  allowed  much  easier 
access  to  percolating  ground  waters  and  these  waters  have  imposed  a 
substantially  higher  degree  of  chemical  alteration  on  the  sheared  rock 
than  is  to  be  found  in  other  non-disturbed  portions  of  the  general  rock 
body.  Granitic  type  rocks  such  as  q^^artz  diorite  and  gneiss  contain 
high  percentages  of  the  feldspar  mineral  plagioclase  which  upon  chemical 
decomposition  by  ground  waters  with  dissolved  carbon  dioxide  (carbonic 
acid)  yield  the  clay  mineral  kaolin,  '.i  connection  with  this  feature, 
there  has  been  found  to  exist  in  surface  exposures  from  one  to  six 
feet  of  plastic  fault  gouge,  mylonite  and  associated  lesser  quality 
rock  materials  along  the  central  portions  of  the  larger  shear  zones. 
Borings  which  have  penetrated  these  same  fault  zones  at  depth  have 
shown  less  clay  gouge  than  at  Surface  exposures  (Photo  20]  . This  is 


probably  due  to  the  greater  amount  of  weathering  and  kao linization  which 
occi/rs  at  the  ground  surface  than  at  depth.  Adjacent  to  and  occurring 
I'l  relatively  narrow  belts  parallel  to  the  central  clay  gouge  seams  are 
br;ken  and  weathered  zones  of  less  competent  roc)r.  which  represent 
border  phase  fracturing  within  the  stress  influence  of  a given  shear 
z le.  Because  of  the  overall  lesser  quality  rock  materials  associated 
with  the  larger  shear  zones  and  to  some  extent  the  close  systems  of 
J^'iTts,  exact  locations  and  orientations  of  all  such  pertinent  rock 
str..ccural  features  with  respect  to  the  locations  of  proposed  engineering 
structures  is  a factor  of  considerable  design  importance.  (See  geologic 
map'.  Plate  6.) 

4.10  Seismic  Considerations.-  While  the  presence  of  major  fault 
zones  does  testify  to  the  existence  of  seismic  activity  in  this  imme- 
diate area  during  the  geologic  past,  it  is  generally  believed  that  all 
such  movements  along  these  faults  are  sufficiently  remote  in  geologic 
time  as  to  preclude  ccncern  of  their  further  adjustments  during  the 
life  of  the  project.  To  the  extent  possible,  attempts  to  confirm  this 
premise  have  been  made  by  searching  for  obvious  offsets  in  recent 
glacial  or  alluvial  strata  at  points  where  they  cross  known  major  faults, 
but  thus  far  no  such  evidence  of  recent  faulting  activity  has  been 
found  anywhere  near  the  immediate  project  area.  The  proximity  of  the 
Saettisham  Project  to  a major  zone  of  crustal  weakness  does,  however, 
make  it  prudent  to  design  important  structures  at  the  project  for 
fairly  substantial  earthquake  accelerations.  Part  of  this  major 
cr.a3tal  zone  of  weakness  is  called  the  "Pacific  Ring  of  Fire"  and  is  a 
relatively  narrow  world-wide  belt  along  which  some  80  percent  of  the 
w.rld's  major  earthquakes  occur  in  addition  to  appreciable  amounts  of 
volcanic  activity  (Figure  7).  The  Pacific  belt  starts  below  the  southern 
tip-  of  South  America,  extends  northward  along  the  entire  southeastern 
a'd  southern  coast  of  Alaska  and  continues  along  the  Aleutian  Chain 
finally  curving  to  the  southwest  toward  Asia.  The  1957  seismic  proba- 
bility map  by  the  Coast  and  Geodetic  Survey  has  placed  the  area  in 
wrich  the  Snettisham  Project  lies  in  seismic  Zone  I (Plate  5).  Inas- 
much as  these  very  arbitrary  boundaries  are  very  compressed  in  this 

area  and  earthquake  nagnitudes  of  8 plus  have  been  recorded  within 
(.'ily  80  miles  of  the  project,  the  Snettisham  Project  is  considered 
as  being  in  Zone  III  for  which  magnitudes  of  6.0  and  above  would  be 
anticipated.  Use  of  Zone  III  magnitude  was  recommended  in  Design  Memo- 
raad\.m  Ni. . 3 and  approved  by  higher  authority.  This  means  that  the 
dfbign  of  all  major  rigid  structures  such  as  a dam  will  include  horizon- 
tal earthquake  accelerations  of  0.1  gravity  cr  greater,  and  other  more 
flexible  works  such  as  building  structures  will  assume  minimum  "Z" 
values  of  1.0  (EM  1110-345-150). 

4.11  Except  for  the  ng  Lake  tunnel,  no  important  structures  will 
be  constructed  across  major  fault  zones.  This  tunnel  will  pass  through 
w-at  are  considered  to  be  three  major  faults  (Plates  6 and  20).  A dam 
at  I .ng  Lake  outlet  would  have  several  minor  faults  in  portions  of  its 


foundation  (Plate  9).  In  all  cases  of  such  required  association  of 
engineering  structures  with  known  fault  systems,  remedial  treatment 
will  generally  be  directed  toward  leakage  control  and  replacement 
of  lesser  quality  rock  materials  with  dental  concrete.  No  special 
design  is  planned  to  compensate  for  any  movement  along  such  faults 
within  the  life  of  the  structures. 

4.12  Geologic  Explorations.-  During  the  1964  field  season 
22  holes  were  drilled  (6,678  linear  feet),  37  hand  auger  borings 
and  68  test  pits  were  dug.  During  the  1965  field  season  40  holes 
were  drilled  (2,884  linear  feet),  36  auger  borings  and  58  test  pits 
were  dug.  In  addition  6,000  feet  of  seismic  line  were  run  in  the 
1965  field  season. 

4.13  Plates  6 and  6A  show  the  locations  and  types  of  all 
explorations  performed  to  date  at  the  site.  Sixty-one  core  drill 
holes,  comprising  a total  of  9,512  feet  of  NX  and  BX  diamond 
drilling  and  50  feet  of  6"  drilling  have  been  completed  to  date  by 
Alaska  District  on  all  features  for  the  project  site  investigation. 

Of  this  total,  34  holes  (4,309  feet)  have  been  drilled  at  the  Long 
Lake  dam  site  (Plates  7 and  8 and  Logs  in  Appendix  C) ; three  holes 
(552  feet)  have  been  drilled  at  the  Long  Lake  intake  structure 
locations;  three  holes  (1,613  feet)  have  been  drilled  along  the  power 
tunnel  alignment;  two  holes  (1,295  feet)  along  the  penstock  alignment; 
and  20  holes  (1,700  feet)  in  the  underground  and  surface  powerhouse 
areas  (Plates  17,  18,  19  and  Appendix  C) . In  addition  to  these 
exploratory  borings,  the  Bureau  of  Reclamation  had  previously  drilled 
three  holes  (104  feet)  in  the  Long  Lake  dam  foundation  and  two  holes 
(92  feet)  in  the  surface  powerhouse  area.  Explorations  conducted 

for  the  purpose  of  natural  concrete  aggregate  investigations  to  date 
consist  of  shallow  test  pits  and  five  drill  holes  (Appendix  C) . 
Foundation  investigations  along  possible  access  routes  and  at  the 
dock  site  consist  of  61  hand  auger  borings,  eight  vane  shear  borings, 
and  34  wash  probe  holes. 

4.14  Other  Types  of  Investigation.-  All  of  the  foregoing  sub- 
surface exploratory  work  has  been  augmented  by  geologic  mapping, 
seismic  surveys,  bote  hole  phoLography , underwater  TV  camera  study 
(Photo  11),  SCUBA  diver-geologist  examination  (Photo  10)  and  labora- 
tory testing  of  materials  obtained  from  drilling  and  test  pitting 
operations.  Results  of  these  other  investigation  studies  are 
included  wherever  appropriate  along  with  the  general  treatment  for 
each  of  the  project  features  discussed  in  this  design  memorandum. 

A complete  report  on  the  lake  bottom  diving  reconnaissance  as 
written  by  the  SCUBA  diver-geologists  from  Scripps  Institute  is 
included  in  Appendix  C. 
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SECTION  5 - GEOLOGIC  EVALUATION  OF  DAM  SITE 


5.01  Geologic  Nature  of  Dam  Site.-  Power  and  economic  studies  have 
shown  that  construction  of  a dam  at  the  outlet  of  Long  Lake  to  raise  the 
pool  level  to  elevation  895  will  enhance  the  overall  economic  feasibility 
of  the  project.  The  relatively  restricted  level  area  available  at  the 
outlet  of  Long  Lake,  combined  with  several  adverse  effects  of  the  valley 
geometry,  has  sharply  limited  the  choice  of  dam  designs  which  are 
economically  feasible  at  this  site  Foremost  among  these  adverse  features 
are  the  fast  drop-offs  in  rock  slopes  which  occur  both  upstream  and  down- 
stream of  the  site  and  which  continue  for  several  hundred  feet  below  the 
highest  point  of  the  lake  outlet  ridge  where  any  dam  axis  would  have  to 

be  located  (Photos  No  2 and  5).  This  rather  narrow  rock  ridge  remnant 
now  remaining  at  the  lake  outlet  after  the  last  glacial  retreat  has 
caused  a serious  problem  in  obtaining  adequate  base  widths  for  proposed 
dam  s tructures . 

5.02  One  of  the  first  features  of  this  unique  dam  site  that  required 
investigation  was  the  true  nature  of  the  rock  mass,  the  topmost  portions 
of  which  now  form  the  present  dam  site  ridge.  The  chance  that  this  rock 
mass  might  have  been  a landslide  rather  than  a resistant  ridge  of  true 
bedrock  was  a possibility  that  warranted  close  investigation.  However, 
subsequent  geologic  and  foundation  studies  show  the  rock  mass  at  the 
outlet  to  Long  Lake  has  an  observed  and  proven  continuity  of  structural 
geology  and  lithology  across  the  dam  site  and  well  into  the  abutments. 

In  addition  to  this  principal  method  of  proof,  the  following  other  lines 
of  evidence  are  believed  to  definitely  substantiate  the  premise  that  Long 
Lake  dam  site  is  not  a rock  slide  mass:  (1)  there  are  no  visible  scars 
on  either  mountainside  where  such  a large  slide  might  have  originated; 

(2)  in-place  bedrock  can  be  followed  by  eye  along  outcrops  from  the  dam 
site  ridge  to  points  several  hundred  feet  lower  on  the  downstream  side; 

(3)  pressure  testing  of  bore  holes  shows  generally  tighter  rock  with  depth; 
and  (4)  SCUBA  diver-geologists  made  careful  note  of  glacial  grooving  and 
striations  along  the  underwater  upstream  face  of  the  dam  site  ridge. 

(See  Photo  10  and  Diving  Report,  Appendix  C.)  Only  in-place  rock  could 
have  resisted  and  deflected  the  advancing  glacier  upward  at  this  point. 

5.03  Suitable  Dam  Types.-  Because  of  the  narrow  and  steep  dam  site 
ridge,  both  earth  and  rockfill  type  dams  with  their  relatively  large  base 
width  to  height  requirements  have  been  eliminated  from  consideration  as 
feasible  developments  at  this  site.  Some  preliminary  studies  were  made 
on  the  possibility  of  constructing  a rockfill  dam,  chiefly  because  of  the 
unlimited  quantities  of  excellent  quartz  diorite  bedrock  available  at 
the  site  for  the  manufacture  of  rock  shell  materials.  Even  with  a low 
estimated  unit  price  per  cubic  yard  for  rock,  the  engineering  problems 
connected  with  such  a design  at  this  site  would  make  it  of  doubtful 
physical  and  economic  feasibility.  Important  among  these  engineering 
design  problems  would  be  the  required  construction  of  concrete  retaining 
walls  on  steep  rock  surfaces  to  catch  "splinter  fills"  from  rockfill 
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slopes,  and  the  thick  accumulations  of  silt  and  debris  which  are  known 
to  comprise  the  foundation  conditions  at  the  bottom  of  Long  Lake.  The 
foregoing  problems  are  most  severe  for  dam  design  heights  some  200  feet 
above  present  Long  Lake  level,  but  remain  to  a sufficiently  important 
degree  for  all  other  lesser  dam  heights  studied;  therefore,  no  further 
consideration  has  been  given  to  rockfill  or  earthfill  type  dam  designs 
in  this  memorandum. 

5.04  Long  Lake  outlet  was  also  studied  as  a possible  site  for  a 
thin  arch  or  gravity-arch  type  dam.  Unfavorable  valley  geometry, 
encountered  at  a prominent  topographic  break  in  the  rock  slope  on  the 
left  abutment  (See  Plate  7 and  Photo  2),  would  require  thrust  block 
construction.  The  curved  axis  for  any  arch  dam  would  also  have  to  be 
shifted  substantially  upstream  into  Long  Lake  in  order  to  assure  a 
sufficiently  massive  left  abutment  of  rock  which  would  be  capable  of 
resisting  the  arch  thrust  (Photos  4 and  7),  This  required  upstream 
shifting  of  any  proposed  arch  dam  axis  would  place  major  central  portions 
of  the  arch  structure  in  Long  Lake  where  adequate  bedrock  foundation  has 
been  shown  by  barge  drilling  to  lie  at  infeasible  depths  (Photos  12  and  14). 

5.05  With  virtual  elimination  of  earth,  rockfill,  thin  arch  and 
gravity-arch  type  dam  designs  for  the  foregoing  reason,  all  efforts  were 
directed  toward  concrete  dams  with  minimum  base  width- to-beight  requirements. 
The  most  obvious  design  form  the  combined  standpoints  of  simplicity, 
conservatism,  and  mininrtm  likelinood  of  hidden  costs  arising  from  latent 
foundation  conditions  is  the  concrete  gravity  dam.  M‘;ch  of  the  field  and 
design  effort  in  this  General  Design  Memorandum  has  been  directed  toward 
proving  up  the  foundation  and  material  requirements  for  a concrete  gravity 
dam  at  Long  Lake  outlet  which  would  raise  the  lake  to  elevation  895. 

5.06  Gravity  Dam  Foundations.-  Investigations  and  studies  of  the 
dam  site  ridge  for  a concrete  gravity  dam  foundation  have  been  carried 

on  for  two  field  seasons.  The  results  of  these  investigations  have  tended 
to  demonstrate  that  the  quartz  diorite  bedrock  is  hignly  competent  from 
the  standpoint  of  almost  any  vertical  loading  which  might  he  imparted 
from  a proposed  dam  structure.  The  principal  problem  that  has  emerged 
from  these  studies  is  the  question  of  dam  site  stability  with  respect  to 
the  horizontal  loading  forces  imparted  from  the  reservoir  and  by  potential 
earthquake  accelerations.  There  are  two  important  aspects  of  this  dam 
site  ridge  which,  when  considered  together,  serve  to  reduce  its  inherent 
resistance  to  these  slide  inducing  forces;  (1)  the  heretofore  mentioned 
ridge  character  of  the  dam  site  which  results  in  lack  of  downstream 
restraint  or  toe  support  for  the  upstream  portions  of  the  dam  foundation 
(this  type  of  support  can  usually  be  taken  for  granted  in  the  average  dam 
site)  and  (2)  the  proven  existence  of  low  angled  to  a slightly  downstream 
dipping  joints  which  "daylight"  in  both  upstream  and  downstream  areas 
of  the  dam  site  ridge,  and  which  are  potential  planes  of  weakness  within 
the  foundation  (See  Photos  7 and  9 and  Plates  11  through  1^). 
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5.07  A great  deal  of  investigative  effort  has  therefore  been  ex- 
pended to  ascertain  the  true  nature  of  all  major  low  angled  joint  sur- 
faces that  exist  within  the  zones  of  foundation  influence  of  the  proposed 
gravity  dam.  The  results  of  these  investigations  may  be  briefly  sum- 
marized as  follows:  (1)  the  overall  structural  attitude  of  the  more 
important  low  angled  joints  varies  from  a 3 degree  dip  upstream  (island 
area)  to  a 15+  degree  dip  downstream  (south  of  island  area),  (2)  the 
persistence  with  depth  of  the  more  continuous  and  seemingly  major  low 
angled  joints  appears  to  end  below  elevation  785  + . This  would  tend 

to  lend  confirmation  to  the  speculative  origin  of  many  such  joints  as 
being  associated  with  an  unloading  type  phenomenon  related  to  the 
relatively  recent  withdrawal  of  several  hundred  feet  of  glacial  ice 
load;  (3)  drill  water  loss  often  encountered  at  low  angled  joints 
demonstrates  that  these  joints  are  open  at  least  in  some  areas.  Sur- 
face exposures  of  these  joints  (Photos  7 and  8)  indicate  rather  tight 
openings  but  with  a thin  zone  of  decomposed  granitic  rock  which  is 
altered  to  a sand  or  "grus."  In  a few  drill  holes,  the  joints  in 
question  would  appear  to  have  relatively  good  interlock  with  associated 
fresh  rock  immediately  adjacent  to  the  joint  surface.  The  soft  uncon- 
solidated clay-type  material  encountered  on  low-angled  joints  in  two 
drill  holes  is  considered  to  be  a purely  local  condition  not  important 
to  the  foundation,  since  additional  borings  to  define  this  condition 
disclosed  nothing  but  clean  joints  at  the  same  elevation. 

5.08  Explorations  and  observations  at  the  dam  site  show  strong 
evidence  that  the  low  angle  joints  are  continuous  or  so  nearly  continuous 
that  hard  rock  cohesion  across  the  joint  cannot  be  assumed.  Observed 
undulations  in  the  hard  rock  structures  along  the  joints  have  not 
attained  angles  anywhere  close  to  90  degrees,  which  would  be  a further 
requirement  to  insure  shear  resistance.  Openness  and  continuity  of 
joints  is  further  demonstrated  by  two  instances  where  pressure  tests 
caused  cuttings  to  be  washed  into  holes  being  photographed  20  and  26 
feet  distant  (Photo  25).  It  must  be  assumed,  therefore,  that  the  low 
angled  joints  are  generally  continuous,  lack  appreciable  cohesion,  and 
that  the  overall  average  snearing  resistance  along  any  major  low  angle 
joint  surface  will  be  of  a relatively  low  order  of  magnitude.  (See 
Figure  9 and  associated  notes.) 

5.09  Because  these  major  low  angled  joint  surfaces  are  suspected 
as  being  potential  planes  of  weakness,  two  additional  "sliding  planes" 
have  been  analysed  in  stability  analyses.  (Figures  8,  9,  10,  lOA  and 
15A) , In  the  island  area  of  the  dam  site  the  major  sliding  plane  as 
mentioned  in  paragraph  5,07  is  found  at  Elevation  785  and  is  approxi- 
mately horizontal  over  the  central  one  third  of  the  site  (Area  I).  In 
the  area  of  the  dam  site  south  of  the  island  (also  approximately  one 
third  of  site),  the  major  sliding  plane  dips  downstream  ae  an  approximate 
15  degree  angle  (Area  II) . These  two  design  sliding  stability  planes 
within  the  foundation  of  the  dam  site  are  in  addition  to  the  standard 
planes  analyzed  through  the  concrete  of  the  dam  and  at  the  rock-concrete 
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contact  at  the  base  of  the  dam  section.  As  described  in  the  following 
paragraphs  and  demonstrated  on  stability  analysis  plate  15A  the  two 
potential  sliding  planes  in  the  foundation  offer  the  least  net  design 
> resistance  to  sliding  and  are,  therefore,  considered  the  most  critical 

ones  to  study. 

5.10  Three  Alternate  Plans  for  Foundation  treatment.-  In  general 
recognition  of  the  potential  problem  of  dam  site  sliding  stability,  three 
basic  plans  with  accompanying  cost  estimates  are  presented  in  this  Design 
Memorandum.  Plan  A (See  Plate  24)  would  build  a concrete  gravity  dam 
along  the  highest  level  areas  of  the  dam  site  ridge  with  a minimum  of 
rock  excavation.  No  special  foundation  treatment  would  be  performed  other 
than  the  standard  curtain  grouting,  drainage,  and  surficial  foundation 
preparation.  A design  safety  factor  against  sliding  equal  to  at  least 
4.0  would  be  obtained  only  by  taking  sufficient  tangible  credit  for  shear 
resistance  along  the  appropriate  low  angled  joints.  This  maximum  shear 
requirement  approximates  60  pounds  per  square  inch  without  earthquake 
consideration.  Plan  B,  the  recommended  plan,  also  involved  a minimum  of 
rock  excavation  but  takes  considerable  lesser  amounts  of  design  credit 
for  shear  along  a given  low  angled  joint.  Plan  B develops  sufficient 
additional  frictional  resistance  on  these  joints  by  foundation  pre- 
stressing to  obtain  a safety  factor  against  sliding  equal  to  4.0  (without 
earthquake) . The  pre-stressing  would  be  accomplished  over  the  more 
critical  central  two  thirds  of  the  dam  site  (Figures  9 and  10  and  Plate  25) . 
Plan  C would  remove  rock  down  through  the  lowest  major  low  angled  joint 
(Elevation  785  +)  across  the  central  two  thirds  of  the  dam  site  and  result 
in  a substantial  increase  in  mass  concrete  requirements  for  the  dam 
structure  (Plate  26). 

5.11  The  order  of  increasing  conservatism  in  foundation  design 
treatment  varies  approximately  in  the  order.  Plan  A,  Plan  B and  Plan  C. 

As  might  be  expected,  the  cost  for  foundation  treatment  increases  in  the 
same  order  (Table  6) . Although  Plan  A has  the  least  cost  and  requires 
relatively  small  shear  values  for  design  adequacy,  studies  clearly 
demonstrate  that  even  the  nominal  shear  value  of  60  + psi  cannot  be  relied 
upon.  Furthermore,  such  studies  have  been  conducted  to  a point  that  it 
is  very  doubtful  if  additional  explorations  could  demonstrate  the  existence 
of  that  strength.  Without  such  conclusive  evidence.  Plan  A cannot  be 
recommended.  Plan  C is  an  admittedly  conservative  approach  that  would 
probably  insure  a sufficient  safety  factor  against  sliding,  but  at  a higher 
cost.  Plan  C would  also  remove  a substantial  load  on  the  foundation  during 
required  rock  excavation  and  this  "unloading"  could  result  in  new  openings 
and  extension  of  existing  minor  low  angled  joints  deeper  into  the  foundation. 
This  risk  could  not  occur  in  Plan  A,  nor  particularly  in  Plan  B.  Therefore, 
Plan  B might  be  recommended  over  Plan  C even  if  there  were  no  appreciable 
cost  difference.  Plan  B,  the  recommended  plan,  would  provide  the  essential 
elements  of  both  safety  and  economy  in  one  overall  scheme. 
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5.12  Foundation  Treatment  - Plan  B.-  When  only  nominal  design 
credit  is  taken  for  shear  along  a low  angled  joint  surface,  the  greater 
amount  of  design  resistance  to  movement  must  be  developed  from  frictional 
forces.  It  has  been  determined  from  stability  analyses  that  the  natural 
frictional  force  alone  is  insufficient  to  yield  a 4.C  safety  factor 
against  sliding.  The  two  principal  factors  which  determine  the  frictional 
force  which  can  be  developed  between  any  two  surfaces  are  the  coefficient 
of  static  friction  and  the  total  load  applied  normal  to  the  surfaces. 

The  most  favorable  method  of  increasing  this  normal  loading  force  is  by 
pre-stressing  the  foundation  with  high  tension  cable  strands.  The 
foundation  pre-stressing  plan  shown  for  Plan  B on  Plate  25  and  Figures 
9 and  10  has  tailored  the  amount  of  pre-stressing  required  in  a given 
area  of  the  dam  foundation  to  yield  a safety  factor  against  sliding  of 
4.0  (without  earthquake). 

5.13  Recognizing  that  reduced  shearing  strengths  do  exist  along 
most  of  these  joint  surfaces  and  in  order  to  introduce  reasonable 
economies  into  the  pre-stressing  plan,  it  has  been  deemed  advisable  to 
assign  minimal  shear  strength  values  to  the  major  low  angled  joint 
surfaces.  The  allowable  design  shear  values  considered  reasonable  at 
this  time  are  25  psi  in  the  pre-stressed  island  area  of  the  dam  site 
(Area  I on  Plate  25),  and  15  psi  in  the  pre-stressed  area  south  of  the 
island  (Area  II  of  downstream  dipping  joints)  . These  minimal  design 
shear  strengths  are  based  generally  on  qualitative  information 
obtained  from  bore  hole  photography  and  field  examinations  of  the  actual 
joint  surfaces.  Future  detailed  and  more  comprehensive  studies  may 
warrant  favorable  refinement  of  these  shear  values  with  resultant 
reductions  in  pre-stressing  requirements  and  associated  costs. 

Appropriate  recommendations  will  be  included  in  the  Specific  Design 
Memorandum  for  the  dam.  No  tangible  credit  is  taken  in  the  current 
sliding  stability  analysis  for  shear  through  the  pre-stressing  cables 

or  through  any  grout-filled  seams  along  the  low  angled  joints  (See  area 
grouting  plan  in  paragraph  5.15.)  or  for  added  resistance  due  to 
undulations  on  these  joint  surf.aces.  Intangible  shear  resistance  from 
these  and  other  sources  add  an  important  degree  of  conservatism  to  the 
overall  stability  analysis  shown  in  this  design  memorandum  and  is  considered 
sufficient  to  more  than  offset  earthquake  force  considerations  in 
arr  iv  mg  at  a 4.0  saieLy  lac  to  r . 

5.14  Of  the  several  types  of  intangible  shear  or  frictional 
resistances  studied,  one  of  the  most  promising  from  the  standpoint  of 
future  design  usage  is  the  added  resistance  to  sliding  due  to  undulations 
on  the  joint  surfaces.  An  approximate  quantitative  determination  of 
these  undulacions  is  definitely  possible  by  use  of  bore  hole  photography 
and  stereo  net  plots.  For  this  and  other  reasons,  a considerable  number 
of  bore  hole  photographs  were  taken  at  the  dam  site  and  the  results 
thereof  are  presently  under  study.  Preliminary  finding  from  the  bore- 
hole photo  study  indicate  that  undulations  in  hard  rock  do  exist  along 
the  low  angled  joints,  at  least  in  the  island  area  of  the  dam  site 

(Area  I).  These  undulations,  which  would  ordinarily  be  expected  to 
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occur  in  connection  with  the  theorized  tensional  and  "unloading"  type 
origin  of  the  joints,  appear  to  average  around  22  degrees  in  steepness 
of  slope.  A very  preliminary  theoretical  analysis  was  performed  to  obtain 
a tentative  quantitative  determination  of  the  additional  sliding  resistance 
due  to  any  proven  undulatory  effect  on  an  hypothetical  low  angled  joint 
surface  and  is  shown  on  Plate  14A.  An  approximate  model  study  as 
demonstrated  on  Photos  21  through  23  has  given  a relatively  close  empirical 
confirmation  to  the  sliding  resistance  formula  derived  on  Plate  14A. 

Employing  this  formula  and  the  above  tentatively  determined  22  degree 
average  undulation  value  in  the  island  area  of  the  dam  site  results  in 
almost  doubling  the  natural  sliding  resistance.  Should  further  comprehensive 
bore  hole  photography  confirm  the  undulation  angles  on  the  major  low  angled 
joints  throughout  specific  areas  of  the  dam  site,  appreciable  reduction 
in  the  proposed  pre-stressing  treatment  v^ill  be  possible  in  the  final 
design  (Figure  lOA)  . 

5.15  Depth  of  anchorage  for  the  pre-stressing  cables  is  based  upon 
a depth  requirement  needed  to  engage  a mass  of  quartz  diorite  bedrock 
below  the  lowest  critical  joint  equal  to  the  mass  of  rock  and  dam  above 
this  same  joint  or  25  feet  penetration  beyond  the  joint,  whichever  value 
is  the  lesser.  In  most  cases  this  sets  the  depth  of  anchorage  at  approxi- 
mately 60  feet  depth  below  the  natural  rock  surface.  Because  of  the 
proclivity  in  this  dam  site  for  low  angled  planes  of  weakness,  even  the 
"plane"  of  anchor  tips  at  their  terminal  depths  will  be  stepped  or  other- 
wise caused  to  describe  an  irregular  surface  within  the  dam  foundation 
(Figures  9 and  10).  Prior  to  pre-stressing  the  dam  foundation,  an  area- 
grouting program  will  be  initiated  to  make  sure  all  voids  and  open  joints 
within  the  dam  foundation  are  filled.  This  procedure  will  insure  proper 
seating  of  the  rock  mass  during  the  cable  stressing  operation  and  will 
thereby  reduce  associated  cracking  of  the  bedrock.  Area  grouting  is  also 
a prerequisite  to  insure  that  residual  compression  will  exist  across  the 
joint  planes  after  the  pre-stressing  is  accomplished.  The  cost  for  this 
area  grouting  will  be  greatly  reduced  since  the  pre-stressed  anchor  holes, 
which  would  be  already  drilled  on  a grid  pattern,  could  be  utilized  for 
the  grouting.  Each  anchor  hole  used  for  grouting  would  then  be  redrilled 
after  grouting,  but  before  the  grout  had  time  to  attain  full  set,  thereby 
permitting  the  use  of  a drilled  hole  for  two  purposes.  The  combination 

of  pre-stressing  and  area-grouting  called  for  in  Plan  B will  collectively 
yield  an  important  additional  benefit  to  enhance  the  overall  dam  site 
stability.  This  somewhat  intangible  benefit  is  the  as'^urance  that  the 
dam  site  ridge  will  tend  to  act  in  a more  monolithic  manner  and  enable 
more  efficient  stress  transfer  from  one  point  to  another  under  future 
loading  from  the  reservoir  'and  earthquake). 

5.16  Because  of  the  area  grouting  called  for  in  Plan  B,  it  is 
possible  that  the  curtain  grouting  program  for  Plan  B may  be  eliminated 
or  sharply  reduced  in  scope.  Although  this  may  result  in  significant 
saving  in  curtain  grouting  costs,  it  may  also  be  necessary  to  increase 
the  scope  and  corresponding  cost  of  the  foundation  drainage  program  due 
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to  the  "tighter"  bedrock  conditions  which  are  sure  to  result  ftkyin 
th(!  area  grouting  program  (Plan  B only)  . 

5.17  Curtain  Grouting.-  Curtain  grouting  is  planned  for  Plans 

A and  C and,  as  mentioned  above,  to  a much  reduced  extent  for  Plan  B. 

The  purpose  of  curtain  grouting  for  all  plans  is  to  provide  a 
definitive  metliod  of  making  sure  that  any  undetected  water  passageways 
under  or  around  the  dam  are  tested  and  plugged  by  grout  at  pressures 
which  can  simulate  reservoir  head.  Plates  15  and  16  show  a section 
of  the  dam  with  the  proposed  grout  hole  depths  and  angles  (Plan  A and  C) . 
A grouting  and  drainage  gallery  is  planned  toward  the  heel  of  the  dam 
as  siiown  for  both  grouting  and  drainage  purposes  and  for  use  as  an 
inspection  gallery  during  operation  of  the  completed  project. 

Preliminary  curtain  grouting  estimates  have  been  based  on  a line  of 
grout  holes  five  feet  on  center,  angled  upstream  from  the  grouting 
gallery  at  a 3 vertical  to  1 horizontal  slope  and  penetrating  a maximum 
of  75  feet  of  bedrock  below  the  base  of  the  dam.  Grout  take  has  been 
estimated  at  0.15  sack  of  cement  per  linear  foot  of  grout  hole. 

5.18  Foundation  Drainage.-  Because  of  the  predicted  low  overall 
permeability  of  the  bedrock  in  Plans  A,  C and  particularly  B,  foundation 
drain  holes  will  be  spaced  at  least  5 feet  on  centers  along  the  down- 
stream edge  of  the  grouting  gallery  and  angled  at  a 30-degree  angle 

off  the  vertical  in  a downstream  direction.  Average  depth  of  each 
drain  hole  will  be  50  feet  penetration  into  bedrock.  Since  33-1/3 
percent  reduction  in  uplift  was  assumed  in  the  stability  analysis  for 
the  concrete  structures  and  25  percent  reduction  was  assumed  for  the 
stability  planes  in  bedrock,  it  is  important  that  a line  of  dependable 
drains  be  maintained  during  the  life  of  the  project  (Plates  15  and  16) . 
This  provides  further  justification  for  a grouting-drainage  gallery  in 
the  dam  which  will  insure  ready  access  for  periodic  drain  hole  reaming 
and  inspection  of  the  drainage  system.  In  connection  with  this  feature, 
uplift  pressure  build-ups  under  existing  dams  have  been  sho™  to  increase 
over  post-construction  years  due  to  accumulations  of  secondary  ■ 
mineralization  within  the  water  producing  cracks  in  rock  along  the  walls 
of  the  drain  holes.  Some  consideration  will  also  be  given  to  the 
drilling  of  additional  drains  from  the  gallery  at  even  flatter  angles 
in  order  to  provide  drainage  under  some  of  the  toe  portions  of  the  dam 
as  well.  This  may  become  necessary  to  overcome  an  increase  in  uplift 
pressures  under  the  downstream  portions  of  the  dam  during  winter 
months,  when  free  discharge  from  seepage  areas  immediately  downstream 
from  the  dam  will  be  temporarily  restricted  or  stopped  because  of 
freezing.  Some  consideration  will  also  be  given  to  providing  a 
drainage  relief  gallery  within  the  rock  foundation  at  or  near  the 
location  of  the  critical  low  angled  joint  on  which  uplift  in  stability 
analysis  is  based  (Figure  11) . This  would  insure  a sufficiently  low 
elevation  for  the  datum  relief  plane  (floor  of  drainage  gallery)  so 
that  uplife  reductions  assumed  in  design  would  be  assured.  Such  a 
gallery  would  further  reduce  the  presently  assumed  75  percent  uplift. 
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and  its  inclusion  will  be  thoroughly  considered  in  preparing  the  specific 
design  memorandum  for  the  dam. 

5.19  Future  Design  Memorandum  for  Dam.-  A specific  Design  Memorandum 
on  the  dam  will  be  submitted  in  December  1966.  That  memorandum  will  include 
more  detailed  and  specific  designs  for  both  the  foundation  treatment  and 
the  dam  structure.  Further  study  as  a result  of  6-inch  drilling,  completed 
evaluations  of  bore  hole  photography,  and  more  refined  cost  estimates, 
could  possibly  even  show  a combination  of  Plans  B and  C to  be  the  most 
feasible  development.  The  island  area  of  the  dam  site.  Area  I for 
example,  may  be  pre-stressed  while  the  area  of  the  dam  site  with  downstream 
dipping  joints  (Area  II)  may  be  excavated  and  replaced  with  concrete. 

This  finalized  study  will  also  have  the  benefit  of  an  additional  season 
of  field  work  and  will  provide  the  technical  basis  for  preparation  of 
contract  plans  and  specifications.  Also  included  among  next  year's 
studies  will  be  the  economic  and  engineering  feasibility  of  constructing 
a post  tensioned  dam  at  this  dam  site.  This  would  be  an  added  beneficial 
and  supplemental  feature  to  the  basic  Plan  B pre-stressing  scheme. 

5.20  Reservoir  Evaluation.-  The  basin  in  which  Long  Lake  is  situated 
is  a completely  rock-lined  enclosure  which  has  been  deeply  scoured  by 
glacial  erosion.  There  are  thick  accumulations  of  alluvial  and  glacial 
deposits  at  the  upper  end  of  the  lake,  and  in  all  probability  along  portions 
of  the  bottom  (See  Photos  1 and  2) . The  proposed  Long  Lake  reservoir, 

with  a water  surface  some  80  feet  higher  than  present  Long  Lake,  will  be 
contained  in  essentially  the  same  rock-lined  basin.  Water  in  the  proposed 
reservoir  will  be  confined  by  relatively  tight  quartz  dioritic  bedrock 
through  which  only  minor  amounts  of  leakage  are  likely  to  occur.  Equally 
important  to  this  premise  Is  the  fact  that  the  leakage  cracks  in  the  rock 
which  do  exist  will  never  become  appreciably  enlarged  by  internal  erosion 
or  piping  processes  due  to  the  durable  nature  of  the  rock.  Low  permea- 
bilities of  the  confining  basin  rock  will  also  reduce  the  volume  of  bank 
storage  which  will  occur  when  the  pool  is  raised,  except  in  the  upstream 
portions  of  the  lake  where  extensive  alluvial  sands  and  gravel  overlie 
the  bedrock.  No  major  slide  problems  are  anticipated  along  the  rock  or 
overburden  portion  of  Long  Lake  reservoir,  although  some  minor  adjustments 
in  reservoir  slopes  will  undoubtedly  occur  during  and  after  pool  raising. 
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SECTION  6 - LONG  LAKE  DAM 


6.01  Selection  of  Type  of  Dam.-  Design  Memorandum  No.  3,  Selec- 
tion of  Plan  of  Development,  described  extensive  studies  undertaken  to 
determine  the  recommended  type  of  dam.  Preliminary  consideration  was 
given  to  various  types  of  dams  including  concrete  gravity,  multiple- 
arch,  massive-head  buttress,  concrete-arch,  rock-and  earthfill  structures. 
Of  these  the  concrete-arch,  type  was  eliminated  from  consideration  by  the 
unfavorable  configuration  of  the  abutments,  which  would  require  massive 
thrust  blocks  and  gravity  wing  walls  on  both  abutments.  The  earthfill 
type  was  eliminated  early  in  the  studies  of  dam  types  because  of  the 

lack  of  suitable  embankment  material  in  any  quantity  in  the  vicinity. 
Because  of  the  unlimited  availability  of  excellent  rock  in  close  prox- 
imity to  the  damsite,  greater  consideration  was  given  to  a rockfill 
dam.  However,  due  to  the  steep  slope  of  Long  River  immediately  below 
the  lake  outlet,  and  the  even  steeper  slope  of  the  lake  bottom  upstream, 
it  became  evident  that  this  type  of  structure  would  be  impracticable  at 
this  site.  Thus,  the  three  types  of  concrete  structures  remained  for 
further  consideration. 

6.02  Studies  of  each  type  in  sufficient  detail  to  establish 
realistic  cost  estimates  were  carried  out.  For  a height  of  dam  greater 
than  approximately  200  feet  the  massive,  unreinforced  concrete,  multiple- 
arch  dam  appeared  to  have  an  advantage,  mainly  due  to  the  lesser  quan- 
tity of  rock  excavation  required.  However,  for  any  lower  height  this 
advantage  would  not  be  realized  because  of  the  closer  spacing  of 
buttresses.  For  the  massive-head  buttress  section,  a maximum  head 
width  of  80  feet  was  indicated  because  of  the  possibility  of  cracking 
from  shrinkage  and  from  temperature  stresses  in  a wider  buttress  head. 
Combined  with  the  large  base  width  required  for  stability  in  a buttress 
dam,  this  narrow  buttress  spacing  resulted  in  considerably  larger  rock 
excavation  quantities  for  this  type  of  dam  than  for  a concrete  gravity 
section. 

6.03  The  concrete  gravity  dam  was  found  to  be  lower  in  cost  than 
other  types  considered.  Because  of  inherent  advantages  in  simplicity 
of  construction  and  contractor  familiarity,  as  well  as  minimum  cost, 
the  concrete  gravity  type  was  recommended  for  construction. 

6.04  Selection  of  Height  of  Dam.-  Design  Memorandum  No.  3 also 
describes  the  scoping  analysis  performed  to  accurately  determine  the 
optimum  pool  elevation  of  Long  Lake.  In  this  analysis  the  annual  costs 
and  benefits  were  determined  for  each  additional  10-foot  incremental 
increase  in  dam  height.  The  scoping  analysis  resulted  in  the  conclu- 
sion that  development  to  a pool  elevation  of  895  provided  for  optimum 
development  of  the  resource. 

6.05  Selection  of  Axis.-  The  axis  of  the  recommended  dam  has 
been  located  to  utilize  most  advantageously  the  topography  of  the  site, 
and  is  therefore  angled  in  plan.  This  layout  results  in  the  maximum 
economy  of  construction,  while  assuring  the  stability  of  the  structure. 


6.06  Description  of  Recommended  Dam.-  The  site  plan,  Plate  23, 
shows  the  dam  and  its  relationship  to  other  project  features.  The  lay- 
out and  details  of  the  recommended  dam.  Plan  B are  shown  on  Plate  25. 

The  dam  will  have  a total  crest  length  of  approximately  800  feet,  with 

a crest  elevation  of  905  and  a height  of  110  feet  above  the  lowest  point 
of  the  foundation.  Crest  width  will  be  12  feet.  An  ungated  spillway, 
in  two  sections  totaling  225  feet  in  length,  will  discharge  into  the 
existing  bifurcated  channel  of  Long  River.  The  spillway  crest  eleva- 
tion will  be  895,  corresponding  with  the  maximum  normal  operating  level 
of  the  reservoir.  The  905  top  elevation  of  the  non-overflow  sections 
will  provide  1.5  feet  of  freeboard  above  the  maximum  flood  pool  eleva- 
tion of  903.5.  Information  concerning  the  derivation  of  the  spillway 
design  flood  is  contained  in  Section  3,  Paragraph  3.07.  No  vehicular 
traffic  across  the  dam  is  contemplated,  therefore  spillway  bridges  are 
not  provided.  A grout  and  drainage  gallery  will  be  provided  near  the 
upstream  face,  closely  following  the  base  of  the  dam. 

6.07  Alternative  Plans  Considered.-  In  addition  to  the  recommended 
plan  discussed  above,  two  alternative  plans  have  been  studied  in  comparable 
detail.  Plan  A,  shown  on  Plate  24,  is  identical  tc  the  recommended  Plan  B 
except  for  the  method  and  degree  of  foundation  treatment.  Plan  C as  shown 
on  Plate  26,  differs  from  plans  A and  B in  that  the  rock  is  excavated  to 
the  foundation  joint  planes,  which  results  in  a straight  axis  dam.  The 
spillway  is  continuous  rather  than  two  separate  sections  as  in  Plans  A 

and  B. 


6.08  Stability  Analyses,  Dam.-  The  stability  studies  of  the  dam 
above  the  foundation  plane  were  of  preliminary  scope  and  were  carried 
only  to  the  point  where  structurally  sound  and  reasonably  economic  sec- 
tions were  developed.  In  general,  the  procedures  outlined  in  EM  1110-2- 
2200,  25  September  1958,  were  followed,  except  for  changes  in  the  shear 
friction  factor  equation  and  the  elimination  of  the  0.65  sliding  factor 
requirements.  Design  criteria  and  loading  conditions  are  outlined  in 
Figure  12.  The  results  of  the  stability  analyses  are  shown  in  Figures 
13  t hr  ough  1 8 . 

6.09  Stability  Analyses,  Foundation.-  Because  of  the  unusual 
foundation  conditions  at  the  damsite,  stability  studies  of  greater  than 
normal  scope  have  been  required  in  order  to  determine  the  most  economical 
method  of  foundation  treatment.  In  these  analyses  the  sliding  shear 
friction  equation  as  shown  in  Paragraph  3.04  of  EM  1110-2-2200  has  been 
used.  These  studies  are  summarized  as  follows  for  each  of  the  alterna- 
tives considered: 

a.  Plan  A:  A minimum  of  rock  excavation  would  be  performed, 
with  no  special  foundation  treatment  other  than  standard  curtain  grout- 
ing, drainage  and  surflcial  foundation  preparation.  Using  the  design 
shear  values  of  25  psi  for  the  foundation  joints  in  the  island  area  and 
15  psi  for  those  on  the  right  abutment  (See  Section  5),  with  a sliding 
friction  factor  of  0.65,  a minimum  shear  friction  factor  of  safety  equal 
to  1.69  was  determined  (Figure  15A). 
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b.  Plan  B;  Since  the  shear  friction  factor  of  safety  for 
Plan  A was  less  than  the  recommended  value  of  4.0,  it  was  determined 
that  an  increase  in  the  vertical  force  would  be  required  to  increase 
the  shear  friction  factor  under  the  given  parameters.  In  order  to  fur- 
nish this  large  vertical  force  it  was  decided  to  use  a method  of  founda- 
tion prestressing  as  shown  in  Plan  B,  Plate  25.  The  number  of  prestres- 
sing tendons  was  based  on  the  following  assumptions: 

(1)  Shear  friction  factor  of  safety  of  3.0  for  the  earth- 
quake loading  condition,  and  4.0  for  all  other  loading  conditions. 

(2)  Allowable  shear  stress  of  25  psi  in  Area  I,  and  15  psi 
in  Area  II  (See  Plate  25). 

(3)  Sliding  friction  factor  of  0.65  for  all  loading  condi- 
tions . 

More  detailed  discussion  of  the  proposed  prestressing  system  is  con- 
tained in  Section  5. 

c.  Plan  C:  The  objective  of  increasing  the  shear  factor  of 
safety  would  be  achieved  by  excavating  the  rock  to  the  level  of  the 
lowest  major  low  angled  joint  plane  across  the  central  two-thirds  of 
the  foundation. 

6.10  Cost  Comparison.-  Cost  estimates  were  prepared  for  each  of 
the  three  alternative  plans  considered  in  sufficient  detail  to  allow 
cost  comparisons  to  be  made.  These  estimates  are  shown  in  Table  6, 


and  summarized  as  follows: 

Item 

Cost  in 
Plan  A 

Thousands 
Plan  B 

of  Dollars 
' Plan  C 

Mob.  & Demob. 

275.0 

275.0 

275.0 

Excavation  and  Foundation  Prep- 

56.1 

56.1 

291.2 

Grouting  & Drainage 

144.5 

181.7 

152.0 

Concrete 

3,359.2 

3,359.  2 

4,349.2 

Steel,  Reinf.  & Misc. 

39.0 

39.0 

40.2 

Prestressing 

None 

772.2 

None 

Total  Construction  Cost 

3,873.8 

4,683.2 

5,107.6 

Order  of  Increasing  Cost 

1 

2 

3 

6.11  It  is  apparent  from  the  foregoing  cost  comparison  that 
Plan  A,  which  requires  only  minor  amounts  of  foundation  treatment, 
would  have  the  lowest  cost.  However,  it  is  not  believed  that  sufficient 
shear  strength  would  be  developed  in  the  low  angled  foundation  joint 
planes  to  produce  a satisfactory  factor  of  safety.  The  increased  cost 
of  Plan  B over  Plan  A is  directly  attributed  to  the  addition  of  pres- 
tressing tendons  and  associated  drilling  and  grouting.  Plan  C would 
avoid  most  problems  connected  with  the  foundation  joint  planes  by 
removing  all  rock  above  such  joints  beneath  the  dam.  The  cost  of  this 
plan  would  be  significantly  higher  than  either  Plan  A or  Plan  B. 
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6.12  Recommendation. - It  is  believed  that  tlie  inadequate  safety  of 
the  minimum  Plan  A and  the  excessive  cost  of  Plan  C make  the  intermediate 
Plan  B the  logical  choice  for  continued  planning  and  design.  It  is  there- 
fore recommended  that  Plan  B>  substantially  as  shown  on  Plate  25  and 
described  herein,  be  adopted.  During  preparation  of  the  forthcoming 
specific  design  memorandum  on  the  dam  further  studies  will  be  made  to 
more  accurately  determine  the  amount  of  prestressing  required.  Considera- 
tion will  also  be  given  to  the  economic  feasibility  of  extending  the  post- 
tension tendons  within  the  concrete  dam. 

6.13  Diversion  Tunnel.-  The  diversion  tunnel  shown  on  Plate  27  is 
^patterned  after  a method  of  lake-tapping  much  used  in  Norway.  _!/  A 

tunnel  will  be  driven  toward  the  bottom  of  the  lake  from  a point  at  a 
suitable  elevation  downstream  from  the  lake  outlet.  A short  distance 
from  the  piercing  point  a pit  will  be  excavated  in  the  tunnel  bottom  to 
accommodate  the  rock  from  the  final  plug.  After  careful  investigation, 
both  from  the  surface  and  from  the  tunnel,  the  final  plug  will  be 
drilled  and  blasted.  Either  before  or  immediately  after  the  final  blast 
the  control  gate,  subsequently  discussed  in  paragraph  6.17,  will  be 
lowered  to  regulate  the  outflow  from  the  lake. 

6-14  The  inlet  of  the  750-foot  long  diversion  tunnel  will  be 
located  at  elevation  680,  twenty  feet  below  the  power  tunnel  entrance 
and  approximately  100  feet  below  the  lowest  foundation  excavation  for 
the  dam.  The  diversion  tunnel  will  have  a horseshoe  section  9.5  feet 
wide  and  10  feet  high,  and  a slope  of  3 foot  per  thousand  feet.  Except 
for  a short  distance  near  the  downstream  portal  the  tunnel  will  be 
essentially  unlined.  A 6-inch  minimum  thickness  of  concrete  paving  will 
be  placed  on  the  invert,  and  the  sides  will  receive  a 2-inch  nominal 
thickness  of  pneumatically  applied  mortar  to  improve  hydraulic  character- 
istics at  low  flows.  The  dimensions,  slope  and  elevation  of  the  diversion 
tunnel  were  determined  by  the  requirement  for  passing  the  projected  10- 
year  storm  without  raising  the  lake  level  enough  to  interfere  with  construc- 
tion operations.  The  parameters  so  determined  proved  adequate  to  lower 
the  lake  surface  initially  in  a period  estimated  at  from  two  to  three 
months . 

6.15  Outlet  Tunnel.-  The  Bureau  of  Reclamation,  who  will  operate 
and  maintain  the  project,  has  indicated  a requirement  for  a permanent 
low-level  lake  outlet,  for  use  in  draining  the  lake  for  maintenance  of 
the  intake  structure  and  trashrack.  Studies  have  been  made  of  the  possi- 
bility of  utilizing  the  diversion  tunnel  for  this  purpose.  However,  the 
requirement  for  an  emergency  gate  and  bulkhead  as  well  as  a regulating 
gate  for  any  reservoir  outlet  other  than  a power  conduit  made  this  plan 
impracticable . 


1_/  Underwater  Piercing  of  Lakes,  by  Chr.  F.  Groner,  Water  Power.  1 July  1960 
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6.16  As  shown  on  Plates  27  and  28,  and  as  described  in  paragraph 
8.03,  the  outlet  emergency  gate,  bulkhead  and  trashrack  have  been  com- 
bined with  the  power  intake  structure.  The  concrete-lined  outlet 
tunnel  will  be  circular  in  section  with  a diameter  of  9 feet  through- 
out most  of  its  470  foot  length,  with  a transition  to  a 9.5  by  9.5 
foot  horseshoe  section  where  it  joins  the  previously  constructed 
diversion  tunnel.  The  invert  elevation  at  the  inlet  will  be  690, 

ten  feet  below  the  power  tunnel  entrance. 

6.17  Outlet  Control  Gate.-  The  gate  for  the  regulation  of  dis- 
charge from  the  reservoir  outlet  tunnel  will  be  placed  at  the  down- 
stream portal  of  the  tunnel  as  shown  on  Plates  27  and  28.  This  gate 
and  its  associated  structure  and  operating  mechanism,  together  with 
the  adjacent  section  of  tunnel,  will  be  constructed  as  part  of  the 
diversion  works.  The  gate  will  be  used  initially  to  control  the  out- 
flow during  the  draining  of  the  lake. 

6.18  The  gate  will  be  of  the  jet-flow  type.  It  will  consist  of 
a leaf  moved  vertically  on  wheels,  by  means  of  a hydraulic  motor,  gear 
reduction  unit,  and  a pair  of  threaded  stems,  with  the  leaf  and  sur- 
rounding housing  shaped  so  that  the  water  will  issue  from  the  orifice 
in  a jet  at  all  leaf  positions.  Power  for  operation  of  the  gate  will 
be  provided  by  a portable  diesel-driven  hydraulic  pump,  which  may  also 
be  used  for  operation  of  other  gates  on  the  project.  Anchor  bars, 
drilled  and  grouted  into  the  rock  surrounding  the  tunnel,  will  be  used 
to  resist  downstream  movement  of  the  gate  and  control  structure. 
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SECTION  7 - GEOLOGICAL  EVALCATION  OF  POWER  INTAKE  WORKS 


7.01  General  Bedrock  Character.-  Explorations  and  studies  con- 
ducted to  date  indicate  the  quartz  diorite  bedrock  which  will  be 
encountered  by  the  power  tunnel,  penstock  tunnel,  surge  tank,  and 

I tailrace  control  structure,  will  be  generally  of  good  to  excellent  qual- 

I ity.  As  mentioned  in  Section  4,  localized  exceptions  to  this  general 

! premise  will  definitely  occur  at  known  major  fault  zones.  These  infre- 

quent zones  of  highly  broken  and  weathered  rock  have  been  identified 
with  relative  accuracy  as  to  their  precise  position  along  the  tunnel 
alignment  as  a result  of  strategic  drilling  in  overlying  fault  zones 
' (Photo  20)  and  detailed  field  mapping  of  the  rock  structures  above 

tunnel  grade.  To  the  extent  possible,  all  major  structures  have  been 
located  or  aligned  so  as  to  minimize  if  not  completely  avoid  known 
faults  or  closely  spaced  joint  systems  in  the  rock. 

7.02  Power  Tunnel  Faults.-  The  8,175-foot  long  power  tunnel  will 
cross  three  known  major  and  several  minor  fault  zones  (Plate  20).  A 
small  shift  in  alignment  of  the  tunnel  from  that  shown  in  Design  Memoran- 
dum 3 allows  it  to  cross  these  fault  zones  more  nearly  at  right  angles, 
thereby  minimizing  required  contact  with  fault  zone  materials.  In 

the  order  of  their  anticipated  occurrence  along  the  power  tunnel  align- 
ment and  beginning  from  the  upstream  portal,  the  three  fault  zones 
are  identified  as  "First  Fault,"  "Second  Fault"  and  "Glacier  Creek 
Fault"  (Plate  6A) . 

7.03  Nature  of  Fault  Zones.-  The  central  portions  or  "crush 
zones"  in  each  of  these  faults  are  characterized  by  closely  broken, 
mylonitized,  and  weathered  rock,  intermixed  with  definite  lenses  or 
stringers  of  plastic  fault  gouge.  Adjacent  to  each  central  crush  zone 
are  border  phases  of  less  severely  broken  or  weathered  rock  which,  in 
turn,  progressively  grade  back  into  the  relatively  fresh  and  unbroken 
main  body  of  rock,  completely  untouched  by  faulting.  Although  all 
three  fault  zones  possess  generally  similar  types  of  lesser  quality 
rock  materials,  the  Galcier  Creek  Fault  is  by  far  the  largest  of  the 
three.  More  extensive  corrective  measures  are  therefore  anticipated 
in  connection  with  tunneling  operations  through  this  particular  fault 
zone . 

7.04  Tunnel  Water.-  It  is  anticipated  that  the  presence  of  water 
under  relatively  high  pressures  will  be  most  likely  but  not  limited  to 
areas  associated  with  faulting.  Furthermore,  it  is  expected  that  border 
phases  of  the  major  fault  zones  will  be  the  largest  producers  of  such 
high  pressure  seepage.  This  expectation  is  based  on  the  premise  that 
the  fault-broken  rock  immediately  adjacent  to  the  highly  weathered 
central  crush  zones  will  be  more  pervious  because  of  lesser  amounts  of 
secondary  weathering  products  filling  the  joints.  Whenever  water  is 
encountered  during  tunneling  operations,  interceptor  grout  and/or 
drain  holes  will  be  drilled  to  either  seal  off  or  drain  off  this  flow. 
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An  exploratory  "guide"  hole  will  also  be  drilled  in  advance  of  the  tunnel 
heading  on  approaching  any  of  the  major  fault  zones  to  signal  the  occur- 
rence of  high  pressure  flows  or  unfavorable  ground  conditions.  Drilling 
of  this  guide  hole  will  be  phased  with  the  blast  hole  drilling,  shooting, 
and  muck  removal  operations. 

7.05  Other  Remedial  Measures.-  Because  generally  good  rock  con- 
ditions are  expected  throughout  a major  part  of  the  tunneling  operation, 
it  is  not  anticipated  that  an  appreciable  number  of  timber  sets  will 

be  required.  It  is  considered  that  requirements  for  timber  sets  will 
be  limited  principally  to  where  rock  conditions  are  closely  aisociated 
with  faulting.  It  is  conservatively  estimated  that  steel  sets  on  a 
five-foot  spacing  will  be  required  over  approximately  ten  percent  of 
the  power  tunnel  length  (Plate  20). 

7.06  Rock  Bolting.-  A pattern  of  rock  bolts  will  be  placed  from 
spring  line  to  spring  line  across  the  arch  of  the  power  tunnel  through- 
out a major  portion  of  its  length.  For  current  estimating  purposes,  it 

is  planned  that  the  rock  bolts  will  be  approximately  one  inch  in  diameter, 
placed  4 feet  on  centers,  and  penetrate  6 feet  into  rock.  Rock  bolting 
will  be  performed  immediately  after  tunnel  excavation  to  minimize  stress 
relief,  overbreakage  and  rock  falls. 

7.07  Overbreakage . - In  sound  granitic  rock,  such  as  generally 
exists  at  Snettisham,  proper  use  of  conventional  tunnel  driving  methods 
should  control  overbreakage  to  20  percent  or  less.  This  percentage  of 
overbreak  is  expected  to  be  somewhat  higher  where  the  tunnel  penetrates 
major  fault  zones.  Utilization  of  pre-split  blasting  methods  or  special 
boring  machines  would  minimize  or  possibly  eliminate  overbreakage.  A 
relatively  smooth  circular  here  would  not  only  reduce  rock  bolting 
requirements  by  putting  the  tunnel  perimeter  in  compression,  it  would 
also  reduce  the  quantity  and  cost  of  concrete  tunnel  lining. 

7.08  Design  Rock  Restraint.-  Inasmuch  as  a greater  part  of  the  power 
tunnel  length  will  be  confined  at  a depth  of  several  hundred  feet  in  highly 
competent  granitic  bedrock,  it  is  anticipated  that  this  bedrock  will  ulti- 
mately provide  seventy-five  percent  or  more  of  the  design  lateral  res- 
traint required  to  resist  internal  hydrostatic  tensile  stresses  in  the 
tunnel  lining.  Full  tensile  reinforcement  of  the  tunnel  lining  will  be 
undertakin  wherever  poor  ground  conditions  such  as  fault  zones  occur  or 
where  tunnel  cover  is  inadequate  (Plate  20).  Adequate  tunnel  cover  is 
presently  based  on  the  rule  of  thumb  that  whenever  the  cover  in  feet  of 
good  rock  over  the  tunnel  is  less  than  three  times  the  maximim  internal 
tunnel  head  in  feet  of  water,  full  tensile  reinforcement  will  be  pro- 
vided in  the  tunnel  lining.  Where  the  rock  is  good  quality  quartz 
diorite  as  at  the  Snettisham  project  and  the  cover  is  adequate,  this 

rule  of  thumb  should  provide  a safety  factor  of  approximately  4.4, 
based  on  consideration  of  the  rock  as  a homogeneous  and  isotropic  medium. 
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S.F. 


= 4.4 


250  X 62.4  X 3.0 

250  X 2.75  X 62.4  x 2L  ^ 0.75 

\-M. 


Where;  250  ft  = Design  Head 

2.75  = Sp.Gr.  Quartz  Diorite 

= Poisson/'s  Ratio  (Rock  = 0.25) 

3.0  = Cover-head  Ratio 

0.75  = Restraint  by  Rock 

The  Bureau  of  Reclamation  considers  adequate  cover  in  highly  competent 
rock  to  be  1.5  times  the  maximum  internal  tunnel  head.  If  this  cri- 
terion were  used,  only  14  percent  of  the  power  tunnel  lining  would  need 
to  be  fully  reinforced.  This  would  provide  a factor  of  safety  of  2.2 
based  on  the  above  theoretical  approach.  For  the  purpose  of  this  design 
memorandum,  the  more  conservative  rule  has  been  applied  with  the  result 
that  approximately  50  percent  of  the  power  tunnel  lining  has  been 
designed  as  fully  reinforced  pressure  conduit.  The  other  50  percent 
is  designed  with  the  lining  absorbing  25  percent  of  the  internal  hydro- 
static loading,  and  the  competent  granitic  rock  absorbing  the  other  75 
percent.  These  internal  stress  design  conditions  adequately  provide 
for  reverse  loading  on  the  lining,  which  could  occur  from  ground  water 
pressures  with  the  tunnel  empty. 

7.09  Geology  of  Other  Waterways  Features.-  As  stated  in  para- 
graph 7.01,  current  knowledge  of  the  general  project  .site  geology  has 
enabled  many  of  the  project  features  to  be  advantageously  placed  in 
specific  areas  of  highely  competent  granitic  bedrock.  A few  major 
structures  such  as  the  dam  and  power  tunnel  must  accept  limited  zones 
of  lesser  quality  rock  because  of  their  relatively  fixed  positions 
within  the  project  scheme.  Accordingly,  the  most  detailed  discussions 
on  geological  problems  have  been  centered  principally  on  these  struc- 
tures. No  geologically  related  problems  of  a serious  nature  are  anti- 
cipated with  the  intake  structure,  surge  tank,  penstock,  or  access 
adits.  Except  for  the  penstock,  which  will  cross  three  minor  fault 
zones  at  nearly  right  angles  (Plate  21),  generally  high  quality  grani- 
tic rock  is  expected  to  be  encountered.  Information  on  recommended 
powder  factors,  shot  hole  patterns,  firing  delays,  etc.,  will  be  sub- 
mitted in  future  specific  design  memoranda  for  these  structures.  The 
close  similarity  in  basic  rock  types  between  this  project  and  Dwor- 
shak  Dam  in  Idaho  permits  utilization  of  much  useful  analogous  informa- 
tion on  accomplished  tunneling  methods  and  costs. 

7.10  Penstock  and  Access  Adit.-  For  the  purpose  of  this  design 
memorandum,  it  is  planned  that  rock  bolting  will  be  performed  in  the 
penstock  tunnel  and  access  adit  in  the  same  basic  pattern  and  propor- 
tional quantities  as  outlined  for  the  tunnel  in  paragraph  7.06.  Over- 
break conditions  are  generally  similar  to  those  discussed  in  paragraph 
7.05.  The  steel  lining  of  the  penstock  will  be  designed  for  25  per- 
cent restraint  by  the  surrounding  rock  except  adjacent  to  surge  tank 
and  powerhouse  or  where  rock  cover  is  relatively  light.  In  these 
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specific  areas  the  steel  lining  will  be  designed  for  100  percent  of  the 
internal  pressure.  As  in  the  power  tunnel,  it  can  be  generally  stated 
that  whenever  the  penstock  lining  is  adequate  for  the  internal  pressure, 
it  will  also  be  adequate  for  any  external  pressures  from  ground  water 
when  the  penstock  may  be  empty. 

7.11  State  of  Stress  in  Bedrock.-  It  is  tentatively  planned  that 
the  access  adit  to  the  power  tunnel,  just  upstream  from  the  surge 
tanks  (Plate  30),  will  be  driven  prior  to  award  of  the  major  construc- 
tion contract.  This  will  provide  the  opportunity  to  observe  an  open 
bore  and  to  perform  at  least  a limited  program  of  rock  mechanics  tests 
at  or  near  the  exact  locations  and  depths  of  the  power  tunnel,  penstock, 
and  surge  tank  structures.  There  are  several  rock  mechanics  tests 
which,  if  performed  in  appropriate  locations  in  the  adit,  can  have  an 
important  bearing  on  the  economics  of  tunnel  lining  and  required  penstock 
steel.  In-place  elastic  constants  of  the  rock  are  almost  always  less 
than  those  determined  from  rock  cores  and  can  be  determined  by  standard 
jacking  tests.  These  field  values  are  the  determinations  which  must  be 
made  in  order  to  correctly  ascertain  the  minimum  amount  of  design  restraint 
which  can  be  expected  of  this  rock,  and  to  adjust  steel  and  tunnel  lining 
thicknesses  accordingly.  The  principal  field  studies  planned  for  the 
access  adit  work  are:  in-place  jack  tests  to  obtain  typical  field  values 
for  the  modulus  of  elasticity  (or  compression),  Poisson's  ratio,  and  the 
3-directional  residual  stress  field  existing  in  the  rock  body.  In  connec- 
tion with  this  last  feature,  experience  from  other  projects  in  granitic 
rocks  and  near  major  seismic  zones  (See  Section  A. 10)  has  sometimes 

shown  the  rocks  at  depth  to  be  subjected  to  residual  or  "fossil"  stresses 
up  to  several  thousand  psi.  These  unusually  high  stresses  have  in  places 
been  locked  into  the  rock  in  past  geologic  times  by  glacial  "unloading," 
mountain  making  processes  or  seismic  load  transfers  through  the  earth's 
crust,  and  can  be  many  times  the  stress  magnitude  that  could  be  accounted 
for  by  the  overlying  rock  load.  Full  advantage  can  sometimes  be  taken 
of  this  natureal  pre-stressed  condition  within  the  rock  if  known  to 
provide  required  lateral  restraint. 

7.12  The  resultant  strain  from  cutting  a tunnel,  penstock,  or 
surge  tank  openings  into  highly  stressed  rock  could  cause  the  rock  walls 
to  move  into  the  newly  created  opening.  If  a joint  system  were  to 
exist  at  nearly  right  angles  to  one  of  the  principal  stresses,  the  rock 
walls  could  become  unstable  and  slab  off  along  such  joints.  Determina- 
tion of  joint  systems  and  of  principal  stress  directions  could  therefore, 
provide  important  information  on  preferred  dirctions  for  making  rock 
cuts  and  upon  required  positioning  depth  and  spacing  of  rock  bolts.  The 
quasi-elastic  flow  of  bedrock  into  all  such  openings  has  been  shown  on 
some  other  projects  to  decrease  as  a straight  line  when  plotted  along 

a logarithmic  scale  of  time.  It  can  be  important  to  plot  this  rock 
strain  against  time  in  order  to  choose  a time  for  concreting  (tunnel 
linging,  etc.)  when  the  natural  shrinkage  rate  of  the  emplaced  concrete 
is  equal  to  or  greater  than  the  inward  rate  of  strain  of  the  rock  walls. 
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The  original  state  of  stress  in  the  rock  does  not  disappear,  but  is 
transferred  back  into  the  rock  surrounding  the  opening  wliich  is  better 
able  to  sustain  the  stress  because  of  its  unbroken  and  tri-axial  state. 
If  permanent  support  is  put  in  too  soon,  this  stress  distribution  will 
not  be  allowed  to  fully  mobilize  in  the  rock  and  the  full  stress  will 
be  transferred  to  the  permanent  supports  and  lining. 

7.13  In  addition  to  the  standard  methods  of  measuring  these 
residual  stresses  in  rock,  such  as  strain  rosettes,  deformed  bore 
holes  etc.,  a relatively  new  method  which  has  been  proven  successful 
in  Australia  and  which  employs  the  Freysinnet  type  jack  is  approxima- 
tely as  follows: 

A slot  is  cut  in  the  rock  and  allowed  to  partially  close  by 
the  strain  resulting  from  the  locked-in  stresses  A flat  jack  is 
then  inserted  into  the  slot  and  the  rock  is  forced  back  into  its 
original  position  as  determined  by  2 or  more  precisely  measured 
points  on  either  side  of  the  slot.  The  unit  stress  required  to  jack 
the  rock  back  into  its  original  position  is  taken  as  the  maximum 
residual  unit  stress  acting  in  a direction  perpendicular  to  the  flat 
jack.  Three  mutually  perpendicular  slots  or  slots  paralleling  pro- 
posed excavation  cuts  are  used  to  determine  specific  directions  of  the 
residual  stresses. 

7.14  Diversion  and  Intake  Structure.-  Plate  27  shows  the  res- 
pective locations  for  the  upstream  portals  of  the  diversion  outlet  and 
power  intake  structures  recommended  in  this  design  memorandum.  These 
locations  have  been  selected  after  extensive  studies  of  lake  bottom 
conditions  by  drilling  barge,  underwater  TV  camera,  SCl’BA  diver- 
geologists,  and  leadline  surveys  (Photos  6,  10,  11  and  13).  It  will 
be  noted  that  the  upstream  portal  (underwater  lake  tap  location)  for 
the  diversion  tunnel  is  located  on  the  right  abutment  rock  slope 
approximately  300  feet  upstream  from  tVie  dam  axis. 

7.15  Studies  have  been  made  of  an  alternate  diversion  tunnel 
location  adjacent  to  the  power  tunnel  intake  location  at  the  dam  site 
(Plate  22).  The  alternate  location  would  be  considerably  shorter, 
but  is  not  recommended  because,  (1)  some  40  feet  of  overburden  includ- 
ing large  water-logged  trees  (Photos  12  and  1^)  would  have  to  be 
excavated  from  present  lake  bottom,  and  (2)  the  dam  foundation  might 
be  damaged  from  a relatively  large  uncontrolled  blast  in  the  last  20 
feet  of  diversion  tunnel  required  to  effect  the  lake  tap.  It  is 
considered  advisable  at  avoid  the  possible  propagation  of  shot 
shatter  cracks  up  into  the  pre-stressed  anchorage  areas  of  the  most 
critical  portion  of  the  dam  site. 

7.16  The  presently  selected  location  on  the  right  abutment 

bare  rock  slope  has  an  additional  advantage  in  that  it  does  not  require 
mobilization  of  special  barge -mounted  excavating  equipment  to  perform 
the  deep  and  difficult  underwater  removal  of  debris  from  the  present 
lake  bottom. 


7.17  Remedial  rock  treatment  for  the  diversion  and  reservoir  out 
let  tunnels  will  be  similar  to  that  discussed  for  the  power  tunnel  in 
paragraphs  7.04  through  7.08.  In  addition  to  this  treatment,  an  NX 
guide  hole  will  be  drilled  in  advance  of  the  diversion  tunnel  heading 
as  a constant  precautionary  measure.  This  will  enable  exact  determina 
tion  to  be  made  of  the  last  20-foot  critical  section  to  be  blasted  in 
executing  the  actual  lake  bottom  tap. 
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SECTION  8 - POWER  INTAKE  WORKS 


8.01  General. - The  power  intake  works  include  the  intake 
structure,  power  tunnel,  surge  tank,  penstock  and  appurtenant  features 
These  structures  constitute  the  waterways  which  convey  the  waters  of 
Long  Lake  to  the  powerhouse.  Their  location  and  relationship  to  each 
other  and  to  the  remainder  of  the  project  is  shown  on  Plate  3. 

8.02  Intake  Structure.-  The  intake  structure,  as  described  in 
the  Project  Document,  would  have  consisted  of  a trashrack  at  the 
tunnel  entrance  and  a vertical  shaft  at  Che  shore  of  the  lake  to 
allow  closing  the  tunnel  by  the  use  of  stoplogs.  During  preparation 
of  Design  Memorandum  No.  3,  the  Bureau  of  Reclamation  indicated  a 
requirement  for  placing  the  intake  bulkhead  as  near  to  the  tunnel 
entrance  as  feasible,  to  allow  dewatering  of  the  entire  tunnel  for 
inspection  and  repair.  The  revised  intake  structure  shown  in  Design 
Memorandum  No.  3,  therefore,  consisted  of  an  inclined  track  on  the 
slope  of  the  reservoir,  extending  upward  from  the  tunnel  entrance  to 
a bench  at  an  elevation  above  the  maximum  flocd  pool.  This  plan  was 
approved  by  the  reviewing  authorities.  However,  doubt  was  expressed 
concerning  the  location  of  the  intake  structure  because  of  the  diffi- 
culty of  access,  and  the  possible  effect  of  snowslides. 

8.03  During  preparation  of  this  General  Design  Memorandum, 
additional  lake  bottom  soundings  and  investigations  were  made.  These 
indicated  the  feasibility  of  an  alternate  site  for  the  intake 
structure,  immediately  upstream  from  the  dam,  near  the  right  abutment. 
As  shown  on  Plates  27  and  28,  the  intake  structure  will  include  the 
bulkhead  and  emergency  gate  for  the  outlet  tunnel,  as  well  as  the 
bulkhead  for  the  power  tunnel.  Two  trashrack  panels,  each  14.5  feet 
wide  and  27  feet  high,  will  be  positioned  in  an  extension  at  the  front 
of  the  structure,  covering  the  bell-mouth  entrances  of  both  the  outlet 
and  power  tunnels.  Each  of  these  tunnels  will  be  nine  feet  in  diamete 
Invert  elevation  of  the  cutlet  tunnel  will  be  690,  that  of  the  power 
tunnel  700.  The  reinforced  concrete  shaft  which  houses  the  gate  and 
bulkhead  slots  will  be  10  feet  by  27  feet  in  plan,  and  approximately 
215  feet  in  height.  Also  housed  within  the  shaft  will  be  the  air  vent 
pipes  for  each  tunnel.  The  base  of  the  structure  will  be  founded  on 

a bench  cut  into  the  rock,  approximately  40  feet  upstream  from  the 
face  of  the  dam.  Anchor  bars  will  be  drilled  and  grouted  into  the 
rock  to  anchor  the  base  of  the  structure.  Lake  bottom  sediment  and 
debris  will  be  excavated  to  elevation  675  in  the  area  in  front  of  the 
intake  structure  to  allow  free  passage  of  the  water  into  the  trash- 
racks  . 


8.04  The  emergency  gate  and  bulkheads  will  be  operated  by  cable 
hoists,  housed  in  an  enclosure  at  the  top  of  the  shaft.  The  operating 
deck  will  be  at  elevation  905,  level  with  the  crest  of  the  dam,  and  a 
12-foot  wide  bridge  will  provide  access.  The  gate  hoists  will  be 
driven  by  hydraulic  motors.  Power  for  their  operation  will  be  provided 
by  a portable  diesel-driven  hydraulic  pump,  which  may  also  be  used  for 
operation  of  the  outlet  control  gate.  Provision  will  be  made  in  the 
intake  structure  for  a remote-reading  teservoir  water  level  indicator, 
connected  by  cable  or  radio  to  the  powerhouse. 

8.05  Power  Tunnel.-  Alignment  of  the  power  tunnel  is  shown  on 
Plate  3,  profile  and  details  on  Plate  29.  The  length  will  be  approxi- 
mately 8,175  feet,  from  the  intake  structure  to  the  beginning  of  the 
steel  penstock  lining.  Invert  elevation  will  be  700  at  the  intake  and 
660  at  the  downstream  end,  with  a slope  of  approxiiTiately  4.9  feet  per 
thousand.  The  tunnel  will  be  circular  in  section,  with  a finished 
diameter  of  9 feet.  This  was  determined  to  be  the  most  economical 
diameter  by  studies  similar  to  those  described  for  the  penstocks  in 
Paragraph  9.07. 

8.06  The  lining  will  be  reinforced  concrete  with  a minimum  thick- 
ness of  12  inches.  Full  tensile  reinforcement  will  be  provided  wherever 
required  by  poor  rock  conditions  or  inadequate  cover.  Elsewhere,  the 
tensile  reinforcement  will  be  designed  to  resist  25  percent  of  the 
hydrostatic  head.  Need  for  steel  tunnel  supports  is  expected  to  be 
limited  to  short  sections  in  the  vicinity  of  faults.  However,  rock 
bolts  will  be  installed  in  the  roof  of  the  tunnel  throughout  most  of 

its  length  to  reduce  rock  falls  and  overbreakage. 

8.07  Surge  Tank.-  The  surge  tank  will  be  located  at  the  down- 
stream end  of  the  power  tunnel,  as  shown  on  Plate  30.  Preliminary 
studies  indicated  that  the  restricted  orifice  type  would  be  the  most 
economical,  principally  because  of  the  large  reservoir  drawdown  which 
must  be  provided  for.  These  studies  determined  the  upper  and  lower 
limits  of  the  maximum  surge  to  be  elevations  946  and  705  respectively. 

8.08  As  shown  on  Plate  29,  the  surge  tank  will  consist  of  a 25- 
foot  diameter  concrete-lined  shaft  with  a height  of  250  feet.  A 
9-foot  diameter  steel-lined  riser  will  extend  from  the  penstock  at 
elevation  660  to  the  bottom  of  the  surge  tank  at  elevation  700.  At 
the  top  of  the  shaft  will  be  an  excavated  bench  at  elevation  940.  The 
top  of  the  surge  tank,  with  a reinforced  concrete  cover  and  air  vents, 
will  extend  another  ten  feet  to  elevation  950.  Provisions  will  be  made 
for  a remote-reading  water  level  indicator  in  the  surge  tank,  connected 
by  cable  to  the  powerhouse. 


8.09  Butterfly  Valve.-  The  butterfly  valve,  which  will  serve  as 
the  penstock  emergency  gate,  will  be  located  approximately  60  feet 
downstream  from  the  surge  tank  riser.  Its  diameter  will  be  selected 
to  provide  minimum  hydraulic  loses,  while  reducing  the  penstock 
diameter  from  9 feet  to  8 feet.  The  valve  will  be  power-operated, 

and  controlled  from  the  powerhouse.  An  air  inlet  valve  and  a by- 
pass line  for  penstock  filling  will  be  included  in  the  butterfly 
valve  installation. 

8.10  Valve  and  Access  Vault.-  The  butterfly  valve  will  be 
installed  in  a 26-foot  by  30-foot  concrete-lined  vault.  This 

vault  will  also  inclose  an  8-foot  removable  length  of  9-foot  diameter 
penstock,  connected  to  the  upstream  end  of  the  valve  by  an  expansion 
joint.  Removal  of  this  section  will  allow  full-section  access  to  the 
tunnel  and  penstock  for  repairs  and  maintenance.  A 24-jnch  manhole 
in  this  section  will  provide  personnel  access  for  inspection. 

8.11  Access  Adit.-  Access  to  the  valve  and  access  vault  will 
be  provided  by  a 350-foot  unlined  adit.  The  adit  will  have  a horse- 
shoe section  10  feet  wide  and  12  feet  high,  dimensions  determined 

by  the  requirement  for  passing  the  9-foot  penstock  sections  and  the 
butterfly  valve.  The  adit  floor  will  have  a 6- inch  concrete  paving, 
and  the  roof  will  be  covered  with  chain  link  fabric  secured  by  rock 
bolts  to  provide  protection  from  rock  falls.  The  adit  will  be 
driven  initially  to  provide  access  during  construction  and  if 
possible  to  provide  a site  for  a limited  rock  mechanics  testing 
program.  (See  Paragraphs  7.11  thru  7.13) 

8.12  Penstock. - Alignment  and  profile  of  the  penstock  are 
shown  on  Plate  30,  and  details  on  Plates  29  and  30,  The  optimum 
diameter  of  the  penstock  was  determined  to  be  7 feet  by  the 
economic  studies  described  in  Paragraph  9.07.  The  profile  was 
selected  to  provide  a minimum  of  200  feet  of  rock  cover,  except  at 
the  lower  end  where  the  penstock  approached  the  powerhouse. 

8.13  The  penstock  will  have  a total  horizontal  length  of 
approximately  1,520  feet,  beginning  at  a point  25  feet  upstream 
from  the  surge  tank  riser  and  ending  at  the  back  wall  of  the 
powerhouse.  Centerline  length  will  be  approximately  1,710  feet. 

Diameter  will  be  9 feet  from  the  beginning  of  the  penstock  to  the 
upstream  end  of  the  butterlfy  valve.  A 90°  tee  section  will  connect 
the  surge  tank  riser.  Diameter  will  be  reduced  to  8 feet  in  the  valve, 
with  a further  reduction  to  7 feet  in  the  compound  bend  at  the  upper 
end  of  the  inclined  section.  Approximately  60  feet  from  the  power- 
house a wye  branch  will  be  installed,  with  two  4-foot  diameter  penstocks 
continuing  to  the  powerhouse. 
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8.14  The  penstock  lining  at  the  upper  end  will  be  of  type  A-516 
steel,  with  an  allowable  tensile  stress  of  17,500  psi.  Minimum  thick- 
ness of  steel  lining  will  be  3/8-inch.  Type  A-517  steel,  with  an 
allowable  tensile  stress  of  28,700  psi,  will  be  used  where  justified 
by  increasing  hydrostatic  pressure.  Maximum  steel  lining  thickness  at 
the  powerhouse,  using  type  A-517  steel,  will  be  approximately  3/4  inch. 
Since  pressure  regulators  will  be  used  to  limit  pressure  rise,  design 
of  the  penstock  lining  will  be  based  on  a maximum  of  20  percent  over- 
pressure from  water  hammer.  In  all  cases  where  rock  cover  exceeds  200 
feet  the  steel  lining  will  be  designed  to  resist  75  percent  of  the 
internal  hydrostatic  pressure.  In  areas  of  lesser  cover  near  the  surge 
tank  and  powerhouse,  the  lining  will  be  designed  for  the  full  internal 
pressure. 

8.15  Crater  Lake  Penstock.  First  Stage.-  The  Crater  Lake  surge 
tank  and  penstock  will  bo  located  as  shown  on  Plate  30.  Approximately 
200  feet  of  the  Crater  Lake  penstock  tunnel  will  be  excavated  simulta- 
neously with  that  for  Long  Lake.  At  this  point  the  two  tunnels  will 

be  approximately  100  feet  apart,  a safe  distance  from  which  to  commence 
excavation  of  the  second  stage  portion  of  the  Crater  Lake  penstock. 
Approximately  50  feet  of  the  steel  lining  for  this  penstock,  including 
the  horizontal  bend  and  the  wye  branch  for  the  cross-connection  to  Long 
Lake  turbine  No.  2 will  also  be  installed  in  the  first  stage,  since 
construction  of  the  powerhouse  will  preclude  their  later  installation. 
It  is  anticipated  that  an  adit  will  be  constructed,  beginning  at  a 
point  near  the  switchyard,  to  intersect  the  first  stage  tunnel  during 
construction  of  the  remainder  of  the  Crater  Lake  penstock. 

8.16  For  the  purpose  of  this  Design  Memorandum,  the  previously 
selected  diameter  of  six  feet  for  the  Crater  Lake  penstock  has  been 
used.  However,  during  preparation  of  the  specific  design  memorandum 
for  the  Long  Lake  power  intake  works  additional  studies  will  be  made 

to  determine  the  diameter  and  lining  thickness  required  for  the  initial 
portion  of  the  Crater  Lake  penstock. 
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SECTION  9 - comparison  OF  ALTERNATIVE  POWERPLANTS 


9.01  General . - Previous  planning  has  been  based  on  construction 
of  a conventional  surface  powerhouse,  at  the  site  proposed  in  the 
Project  Document.  However,  the  limited  area  available,  the  foundation 
conditions  and  the  dangerof  snowslides  at  this  site  indicated  the 
desirability  of  an  underground  powerhouse.  Rock  conditions  appear 
favorable  for  such  an  installation.  Studies  have  therefore  been 

made  of  these  two  alternatives  during  preparation  of  this  Design 
Memorandum.  These  studies  were  carried  out  in  sufficient  detail 
to  provide  realistic  costs  for  each  of  several  alternative  layouts 
for  both  surface  and  underground  powerplants,  and  to  allow  selection 
of  the  most  favorable  plan  for  further  study. 

9.02  Geology  of  Surface  Powerhouse  Sites.-  Various  sites  for 
a surface  powerhouse  have  been  investigated  with  core  drilling  and 
seismic  surveys  (See  Plates  17  and  18).  Because  of  the  difficulty 
in  determining  accurate  bedrock  contours  in  this  area  of  fault 
valleys,  steep  natural  drop-offs  in  rock  surface,  and  large  boulders 
overlying  the  true  rock  surface,  much  more  exploratory  effort  than 
usual  had  to  be  expended  on  site  investigations.  Indications  are 
that  if  known  fault  zones,  are  avoided  the  occurrence  of  good 
competent  granitic  rock  for  powerhouse  foundations  near  the  immediate 
bedrock  surface  can  be  confidently  predicted.  In  each  case  where 
true  bedrock  was  penetrated  during  the  powerhouse  investigations,  the 
rock  was  hard,  fresh  quartz  diorite  from  the  surface  downward.  There- 
fore the  primary  purpose  of  core  drilling  in  siting  the  surface  power- 
houses has  been  to  roughly  identify  the  true  bedrock  surface. 

9.03  Two  surface  powerhouse  sites  selected  for  more  detailed 
study  are  designated  as  Sites  A and  B on  Plate  17.  Site  A,  almost  the 
same  site  selected  by  the  USBR  in  its  preliminary  studies,  was  in- 
vestigated by  five  core  drill  holes.  The  bedrock  at  this  site  is 
covered  to  an  average  depth  of  15  feet  with  unconsolidated  material. 
Approximately  50  percent  of  the  rock  surface  at  Site  B is  exposed. 

As  a result  the  preliminary  investigations  required  at  this  site  were 
reduced  to  two  holes.  Site  B was  found  to  be  the  better  location 
because  it  is  located  closer  to  the  surge  tank,  thereby  reducing 
penstock  length.  It  also  requires  less  rock  and  overburden  exca- 
vation and  t;he  necessity  of  concret:e  backfill  is  eliminated. 
Preliminary  drilling  has  been  completed  for  initial  site  selection, 
but  additional  exploratory  work  will  be  required  during  the  1966 
field  season. 


9.04  Underground  Powerhouse  Invest igai ions . - Investigations  for 
underground  powerhouse  sites  have  been  performed  by  the  drilling  of  four 
core  holes,  approximately  1,000  feet  in  total  length  (Plate  19).  From 
these  and  from  rock  studies  performed  for  other  features  of  the  project, 
it  can  be  predicted  that  the  bedrock  for  any  underground  powerhouse  site 
would  be  of  good  to  excellent  quality  for  this  purpose.  There  are  no 
anticipated  adverse  geological  features  that  would  require  unusual  con- 
tingencies in  cost,  or  otherwise  affect  the  decision  as  to  the  type 

of  powerhouse. 

9.05  For  comparative  studies,  two  underground  locations  as  shown 
on  Plate  38  were  studied.  Plan  B would  be  located  near  the  surface, 
with  a minimum  depth  of  rock  cover  and  short  tailrace  tunnel.  Plan  C 
Vv^ould  be  located  immediately  below  the  surge  tank  with  the  shortest 
possible  penstock  length. 

9.06  Powerhouse  Layouts.-  Preliminary  layout  drawings  for  both 
conventional  and  underground  powerhouses  were  prepared  by  the  Hydro- 
Electric  Design  Branch  of  the  North  Pacific  Division.  These  drawings 
formed  the  bases  for  preparation  of  comparative  cost  estimates.  For  the 
underground  powerhouse  plans,  additional  preliminary  designs  and  cost 
estimates  were  prepared  for  access  tunnels,  for  tailrace  tunnels  and 

for  ventilation  and  cable  tunnels  which  would  be  essential  parts  of 
such  plans.  Preliminary  studies  by  H.E.D.B.  indicate  that  pressure 
regulators  would  be  required  for  the  conventional  powerhouse  to  provide 
acceptable  speed  regulation  most  economically.  Similar  requirements 
would  exist  for  an  underground  powerhouse  with  penstocks  of  similar 
length.  However,  for  an  underground  powerhouse  located  directly  beneath 
the  surge  tank,  the  reduced  length  of  penstocks  would  make  pressure 
regulators  unnecessary. 

9.07  Penstocks . - It  was  apparent  that  the  penstock  costs  would  be 
an  important  point  in  the  final  location  of  the  powerhouse.  Studies 
were  performed  to  determine  the  most  economical  penstock  diameter  for 
each  plan.  In  these  studies  the  total  construction  cost  for  penstocks 
of  several  different  diameters  were  determined.  These  costs  were  then 
reduced  to  equivalent  annual  costs,  using  3-1/8%  Interest  and  amorti- 
zation for  a 50-year  period.  Head  losses  for  each  size  penstock  were 
also  determined  and  evaluated  on  an  annual  cost  basis.  The  sum  of 
these  two  annual  costs  for  each  diameter  of  penstock  considered  allowed 
selection  of  the  most  economical  diameter,  i.e.,  that  which  resulted  in 
the  lowest  total  annual  cost.  In  all  cases  this  economical  diameter  was 
closest  to  seven  feet.  Similar  studies  were  performed  independently  by 
H.E.D.B.,  producing  identical  results.  All  fur'"her  penstock  studies 
were  therefore  based  on  a uniform  diameter  of  seven  feet.  For  the 
purpose  of  this  Design  Memorandum,  the  previously  selected  diameter  of 
six  feet  for  the  Crater  Lake  penstock  has  been  used. 


9.08  For  the  conventional  powerhouse  two  penstock  layouts  were 
considered:  one  with  the  penstocks  located  in  tunnels,  and  the  other 
with  the  penstocks  on  the  surface.  For  the  tunnel  penstock  layout  a 
profile  was  selected  which  provided  a minimum  rock  cover  of  200-feet, 
except  at  the  lower  end  where  the  penstocks  approach  the  powerhouse. 
This  layout  is  shown  on  Plate  30.  For  the  surface  penstock  layout  the 
profile  would  be  horizontal  from  the  base  of  the  surge  tank  to  the 
surface,  then  follow  the  slope  of  the  mountainside  to  the  powerhouse. 
Excavation  of  a trench  would  be  required  to  provide  as  straight  a 
grade  as' possible  both  to  reduce  the  number  of  bends  and  anchor  blocks 
required  and  to  reduce  head  losses.  The  trench  would  accommodate  both 
the  Long  Lake  and  Crater  Lake  penstocks.  This  layout  is  shown  as 
Plan  ''A”  on  Plate  38. 

9.09  As  the  penstocks  for  the  underground  powerhouse  would  also 
be  installed  in  tunnels,  they  were  sited  so  as  to  provide  the  shortest 
possible  connection  between  surge  tank  and  powerhouse.  In  each  case 
the  Crater  Lake  penstock  was  located  in  a separate  tunnel,  parallel 

to  the  Long  Lake  penstock.  These  layouts  are  shown  as  Plans  "B"  and 
"C"  on  Plate  38. 

9.10  Tallrace. - For  all  plans  considered  an  identical  tailrace 
channel  was  assirmed,  providing  a bof.om  elevation  of  (-)  1.0  at  the 
upstream  end.  For  the  conventional  powerhouse  a control  sill  at  this 
elevation  determined  the  elevation  of  the  powerhouse. 

9.11  For  the  underground  plans,  a tailrace  tunnel  would  be  re- 
quired. Considerable  effort  was  devoted  to  determination  of  the  most 
advantageous  design  for  this  tunnel,  balancing  excavation  cost  against 
head  loss.  A single  horseshoe  tunnel  17  feet  in  height  and  width  and 
with  a slope  of  3 feet  per  thousand  was  selected,  with  separate  smaller 
tunnels  from  each  of  the  three  unit  draft  tubes  converging  immediately 
downstream  from  the  powerhouse.  A sill  at  this  point  would  control 
the  minimum  tailwater  elevation.  The  length  of  the  tailrace  tunnel 

at  the  selected  slope,  plus  the  head  loss  at  the  control  sill,  deter- 
mined the  powerhouse  elevation. 

9.12  Cost  Estimates.-  Costs  for  powerhouse  structure  and  equip- 
ment were  developed  from  infontiacion  furnished  by  H.E.D.B.  These 
costs  were  adjusted  to  reflect  transportation  charges  and  the  increased 
cost  of  on-site  labor  in  Alaska.  Costs  for  other  items  were  developed 
from  preliminary  designs  carried  out  in  sufficient  detail  to  provide 
comparable  costs  for  each  of  the  several  alternative  plans.  Unit  costs 
were  developed  by  the  same  methods  described  in  Section  20. 
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9.13  Econoiriic  Comparison.-  Comparisons  between  the  alternative 
t jwerhouse  plans  considered  were  based  on  the  total  economic  cost  of 
eac'”- , combining  the  construction  cost  with  the  present-worth  value  of 
total  head  losses.  The  alternatives  considered  are  tabulated  as  follows: 

Recomniended  Plan*  C .■'noent  ional  Power"' cuse,  underground  penstocks. 

Plan  A:  Conventional  Powerhouse,  surface  penstocks. 

Plan  B:  Underground  Powerhouse,  minimum  cover. 

Plan  C:  Underground  Powerhouse,  maximum  cover. 

Ine  Recommended  Plan  is  illustrated  on  Plate  30,  and  Plans  A,  B and  C on 
Plate  38. 

9.14  The  economic  comparison  of  these  four  alternative  plans  is 
shown  in  the  following  tabulation: 

Cost  in  Thousands  of  Dollars 


Item 

Rec.  Plan 

Plan  A 

Plan  B 

Plan  C 

Penstocks  & Gate 

3,221.0 

3,418.3 

2,480.0 

1,817,3 

Powerhouse  & Equip 

5,920.0 

5,920.0 

6,173.6 

6,173.6 

Pressure  Regulators 

274.9 

274,9 

274.9 

None 

la  il race 

31.4 

31.4 

496.0 

1,282.1 

Access  & Cable  Tunnels 

None 

None 

555.2 

1,485.1 

Total  Construction  Cost 

9,447.3 

9,644.6 

9,979.7 

10,758.1 

( rder  of  Increasing  Cost 

1 

2 

3 

4 

value  of  Penstock  Head  Losses 
value  of  Undeveloped  Tailwater 

319,1 

344.3 

245.1 

167.4 

Head 

135.2 

135.2 

321.0 

430.9 

Z tal  Economic  Cost 

9,901.6 

10,124.1 

10,545.8 

11,356.4 

order  of  Increasing  Cost 

1 

2 

3 

4 

9.15  The  above  tabulation  shows  that  the  order  of  increasing  cost 
as  determined  by  construction  cost  alone  is  not  altered  by  the  addition 
f '•'ead  loss  values.  It  also  shows  that  wP'.ile  there  would  be  a con- 
siderable saving  in  penstock  costs  by  locating  t're  powerhouse  under- 
ground, this  saving  would  not  offset  the  additional  cost  of  tunnel  and 
f . werhouse  exca'vation.  T'-ie  cost  of  the  surface  penstock  plan  (Plan  A) 
is  shown  to  be  less  than  t'-'at  of  the  undergriound  plans,  though 
significantly  greater  than  the  cost  of  the  recommended  plan.  The 
focegoing  estimates,  however,  do  not  include  maintenance  costs.  These 
wuld  be  higher  for  the  surface  penstock  because  of  the  periodic  painting 


which  would  be  required.  The  additional  problems  resulting  from  ice 
formation  in  the  penstocks  and  the  danger  of  snowslides  following  the 
penstock  trench  and  endangering  the  powerhouse  would  also  make  the 
use  of  surface  penstocks  undesirable.  More  detailed  design  studies 
and  further  refinement  of  cost  estimates  will  very  likely  result  in 
changes  in  the  estimated  cost  of  some  of  the  individual  features. 
However,  since  the  studies  for  each  of  the  alternative  plans  were 
carried  out  in  equal  detail  it  is  not  believed  that  the  results  of 
the  economic  comparison  would  be  modified  by  further  studies. 

9.16  Recommendat ion . - It  is  therefore  recommended  that  the 
conventional  surface  powerhouse  with  underground  penstocks,  essentially 
as  contained  in  the  Project  Document  and  in  Design  Memorandum  No.  3, 
Selection  of  Plan  of  Development,  be  retained  for  further  planning 
and  design. 
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SECTION  10  - POWER  PLANT 


10.01  General . - Powerhouse  plans,  basic  data  for  cost  estimates 
and  text  material  concerning  the  power  facilities  in  this  General 
Design  Memorandum  were  prepared  by  the  Hydroelectric  Design  Branch  of 
the  North  Pacific  Division.  Proposed  plans  contained  herein  cannot 

be  considered  final  but  do  afford  a sound  basis  for  cost  determinations. 
The  number  of  units  and  kilowatt  capacity  of  initial  and  ultimate 
installations  are  considered  firm;  however,  further  study  will  be 
required  to  select  final  type,  size  and  setting  of  turbines  and  unit 
spacing.  Results  of  detailed  analyses  of  Snettisham  power  facilities 
and  final  recommendations  for  a firm  basis  of  design  will  be  contained 
in  a future  Preliminary  Design  Report  on  the  powerhouse.  Location  of 
the  powerplant  with  respect  to  other  features  of  the  project  is  shown 
on  Plate  3.  Powerhouse  foundations  are  discussed  in  paragraph  9.03. 

10.02  Basic  Data.- 


Plant  capacity,  initial,  KW  (nameplate  rating)  40,600 

Plant  capacity,  ultimate,  KW  (nameplate  rating)  60,900 

Type  of  turbine  Francis 

Turbine  rating,  hp  32,000 

Rating  of  generating  unit,  KW  (nameplate)  20,300 

Maximum  pool  elevation,  Long  Lake,  feet  895 

Maximum  pool  elevation.  Crater  Lake,  feet  1,022 

Minimum  pool  elevation.  Long  Lake,  feet  720 

Minimum  pool  elevation.  Crater  Lake,  feet  828 

Maximum  tailwater  elevation,  feet  11.0 

Minimum  tailwater  elevation,  feet  (-)3.0 

Elevation  centerline  turbine  distributor,  feet  4.5 

Elevation  bottom  of  draft  tube,  feet  (*)9.0 

Diameter  of  penstock,  Long  Lake,  feet  7.0 

Diameter  of  penstock,  Crater  Lake,  feet  6.0 

Diameter  of  unit  penstocks,  feet  4.0 

Spacing  of  main  units,  feet  34.0 


10.03  Layout  and  Size.-  The  powerhouse  will  be  a reinforced 
concrete  indoor  type  structure  equipped  with  a 75-ton  bridge  crane  to 
serve  for  erection  and  maintenance  of  the  units.  Initially,  the 
powerhouse  will  consist  of  two  generator  bays  for  the  Long  Lake  units, 
a skeleton  bay  for  the  future  Crater  Lake  unit,  and  an  assembly  bay, 
all  complete  with  superstructure.  The  plans,  sections  and  elevations 
of  the  powerhouse  and  space  allocations  and  location  of  powerhouse 
equipment  are  shown  on  Plates  32  through  37. 
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10.04  The  generator  bays  will  be  48  feet  6 iacf.es  in  width  from 
Cut^lde  to  Oijtside  of  the  powerhcase  walls,  a widtfi  great  enough  to 
L-'.cT..de  tiie  spherical  valves  - that  the  valves  may  be  handled  by  the 
bridge  cra.ne.  Generator  bays  o.'ie  and  two  will  have  a total  length  of 
68  feet  6 incr.es,  tf.e  ski-letoa  bay  will  be  44  feet  in  length  and  the 
assembly  bay  will  be  45  fret  6 inches  in  length.  The  total  length  of 
trie  poweshtnuse  will  be  :58  feet.  A three-ton  mcnorail  hoist  attached 
t . the  di  wnstream  extericr  face  of  the  poverhouse  wall,  ccimplete  with 
lifting  beam  and  sliig.  will  be  used  for  handling  the  draft  tube  bulk- 
head. The  auxiliary  a.-’d  control  area  will  be  located  in  the  assembly 
bay. 

10.05  Turbines.  Generators  and  Electrical  Equipment.-  Tn  accordance 
With  the  results  of  studies  presented  in  Appendix  A,  each  unit  will 

be  designed  to  provide  a dependable  capacity  of  23,350  KW.  The  generators 
will  be  designed  to  produce  this  load  at  115  percent  generator  name- 
plate rating  at  0.9  power  facte r.  The  turbines  will  be  of  the  vertical 
shaft.  Francis-type  with  steel  spiral  cases  and  concrete  elbow  draft 
tubes.  Each  unit  will  be  desigeed  to  produce  a guaranteed  output  of 
32.000  hA  (23,350  KW(  at  mi'amim  pod  elevation.  Best  efficiency  will 
be  achieved  at  the  average  pod  elevation.  Spherical  gpard  valves 
will  be  provided  upstream  from  each  unit  for  emergency  shutdown  and 
maintenaace.  In  accordance  with  comments  by  the  Bureau  of  Reclamation 
contained  in  their  letter  of  11  February  1965  (Exhibit  1),  a valved 
connection  will  be  p''ovided  between  the  Crater  Lake  penstock  and  the 
adjacent  Long  Lake  unit  to  assure  the  operation  of  two  units  when  the 
L ng  lake  watervay  is  shut  down  fer  inspection  or  maintenance.  Prelimi- 
narv  studies  indicate  that  pressure  regulators  will  be  required  to 
provide  acceptable  speed  regulation  without  the  need  for  abnormal 
amo'.its  of  geieratcc  WR^.  Y'-e  final  selection  of  the  type  and  size  of 
g.ai-d  valves  and  press..re  regulators  will  be  the  subject  of  further 
study  in  the  F wer'nouse  Preliminary  Design  Rep'-rt. 

10.06  The  vertical  ge-'erators  will  be  22,600  KCA.  0-9  Tf  13.8  KV 
at  60'''C  temperature  rise  with  capa6ility  of  ■ perati-g  continuously  at 
115  percent  rated  KVA.  ind. vid^al  three  phase,  13.8/138  kilovolt, 

26 . OOC  KvA  power  t raiis  fermc  r s for  each  unit  will  be  located  in  a 138  KV 
switchyard  near  the  powerho  se.  Anticipated  station  service  power 
scheme  i.3  a 13.8K'//480  volt  double-ended  Substaticn  supplied  from  the 
gr'cfator  terminals,  with  a dirse  1 -drive  i emerge'.cy  generator  capable 
■f  -u,.plying  essential  li.ads  o''lw. 

10.07  Subject  to  c.mpletion  of  detailed  studies,  the  anticipated 
lav.jt  of  the  electrical  features  of  the  powerh  uSe  will  conform  to 

rmal  accepted  practice  f.r  s jcb  plants.  An  auxiliary  and  control 
area  i^  planned  at  the  turbine  flcor  elevation  In  tne  assembly  bay 
Wl'itir'c'  SLdCi  0"  i'w  i tchgear.  Sw i tchboards , ccntT’l  eq.ipmeit  and  other 
electrical  eq.,ip'meut  will  be  Ic.ated  (Plate  34(  . Cintrcl  features 
will  be  designed  iritiaiiy  fir  ve'tralizcd  conti  il  f r m the  powerhouse. 
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This  system  will  accommodate  modification  to  allow  remote  control  from 
Juneau,  should  future  developments  make  such  an  operation  feasible. 

10.08  Tailrace. - The  minimum  tailwater  elevation  will  be  main- 
tained at  minus  3.0  (approximate  mean  sea  level  datum)  by  an  80- foot 
control  sill  located  50  feet  from  the  powerhouse  as  shown  on  Plate  31. 
The  floor  of  the  tailrace  will  slope  upward  from  an  elevation  of  minus 
10  at  the  draft  tube  exits  to  the  minus  3 elevation  of  the  control 
sill.  This  area  will  be  protected  from  erosion  by  reinforced  concrete 
paving  up  to  elevation  5,  slightly  above  the  average  high  tide  level. 
The  control  sill  will  consist  of  a vertical  concrete  wall  with  a 
steel  sheetpile  cutoff  to  prevent  underflow. 

10.09  The  tailrace  channel,  with  a bottom  width  of  80  feet 
and  a slope  of  one  foot  per  thousand,  will  extend  approximately 

1,500  feet  from  the  control  sill  into  the  tide  flats.  Bottom  elevation 
will  be  minus  3.5  at  the  sill  and  approximately  minus  5 at  the  seaward 
end.  Side  slopes  will  be  2 to  1 in  the  section  between  the  powerhouse 
and  the  access  road  bridge,  a distance  of  approximately  350  feet,  and 
3 to  1 in  the  remainder  of  the  channel. 
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SECTION  11  - TRANSMISSION  •‘iCILIIIES 


11.01  General . - The  major  features  for  the  transmission  line  and 
Juneau  Substation  are  determined  in  this  design  memorandum  and  described 
in  greater  detail  in  Appendix  B.  The  future  specific  Design  Memorandum 
on  the  Transmission  Facilities  will  include  line  profiles,  structure 
locations,  submarine  cable  location  and  further  substation  design. 

11.02  Aerial  photography  and  contour  maps  have  been  completed 
for  the  purpose  of  transmission  route  selection.  The  tentative  route 
was  located,  marked  in  the  field  and  clearing  initiated.  On  Taku 
Inlet  shallow  sediirient  samples  have  been  ob.ained,  fathometer  profiles 
run  and  a sparker  survey  is  under  way  t > obtain  data  for  the  submarine 
cable  crossing. 

11.03  Wind  velocities  were  calculated  for  the  transmission  line 
from  data  recorded  at  Point  Retreat  on  Lynn  Canal.  The  maximum  wind 
velocity  from  a 10,000-year  return  wind  was  147  mph.  Conductor  icing 
was  assumed  not  to  be  a problem  on  much  of  the  line  so  the  National 
Electrical  Safety  Code  heavy  loading  of  1/2  inch  of  radial  ice  was 
specified  from  Juneau  to  Mallard  Cove.  From  Mallard  Cove  to  Snettisham 
1 inch  of  radial  ice  will  be  used  because  of  more  severe  climatic  con- 
ditions. Maximum  ice  and  wind  loads  are  not  expected  to  coincide. 

The  relatively  low-velocity-moisture-bearing  winds  come  from  the  ocean 
where  as  the  high-velocity  winds  come  from  the  continent.  Lightning 
levels  are  low  along  the  transmission  line.  In  Junaau  the  isokeraunic 
level  is  about  0.33. 

11.04  Criteria  for  the  substation  and  the  transmission  line  were 
received  from  the  USER.  Certain  estimating  data,  specifications  and 
drawings  were  also  received. and  utilized. 

11.05  Geology. - Most  of  the  transmission  structures  will  be 
founded  on  granitic  type  bedrock.  There  is  only  one  type  of  found- 
ation failure  which  could  occur  in  these  areas,  the  result  of  slab  off 
on  the  steep  slopes.  Portions  of  the  transmission  line  will  cross 
muskeg  areas.  Where  depths  to  firm  mai-erial  are  excessive,  special 
footings  will  be  utilized.  The  submarine  cable  will  require  special 
investigations  to  determine  a route  which  will  avoid  bridging  the 
cable  over  rocks.  The  Sparker  Survey  being  run  by  the  United  States 
Geological  Survey  should  indicate  these  critical  areas.  The  proposed 
location  for  the  Juneau  Substation  is  on  the  former  Juneau  garbage 
dump,  two  miles  southeast  of  the  heart  of  Juneau,  Extensive  investi- 
gation to  determine  the  soil  conditions  in  and  under  the  dump  are 
scheduled.  Settlement  of  the  fill  and  massive  slide  failure  will  be 
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investigated.  Tiere  is  also  an  active  snow  slide  area  just  north  of  the 
selected  site  which  may  create  high  wind  pressure  on  the  substation 
structures.  Ihis  slide  potential  will  be  investigated.  Further  geo- 
logical investigations  of  the  transmission  line  are  scheduled  for  the 
santiier  of  1966. 

11.06  Routes . - ’l^'ie  route  recommended  in  the  Project  Document  was 
followed  except  ft r two  sections.  Plate  3 shows  the  proposed  route  with 
s:-lid  line  and  the  Project  Document  route  with  a broken  line.  Studies 
indicated  that  the  cos:  of  the  additional  length  of  the  proposed  route 
was  more  than  offset  by  the  added  construction,  maintenance  and  outage 
costs  associated  with  the  higher  elevations  of  the  more  direct  route. 

11.07  The  submarine  cable  route  Tentatively  crosses  Taku  Inlet  at 
the  point  where  the  transmission  line  will  be  the  shortest  and  the  cable 
length  will  also  be  a minimum.  Further  submarine  exploration  \>rill 
determine  whether  minor  adjustments  of  the  presently  planned  alignment 
will  be  required. 

11.08  Voltage . - The  voltage  recommended  for  the  transmission  line 
is  138  KV.  After  extensive  investigation  of  voltages  from  69  KV  through 
230  KV , 138  KV  was  calculated  to  have  tie  lowest  overall  cost  including 
debt  service,  value  of  K.'sses,  interim  replacements  and  operation  and 
maintenance  expenses.  Early  in  the  stjdy,  the  69  KV  line  was  eliminated 
because  of  excessive  losses.  The  230  KV  line  was  found  to  require  too 
high  charging  current  and  much  more  expensive  cable.  The  change  in 
voltage  from  that  specified  in  the  project  document  results  from  an  in- 
crease in  energy  produ.crion,  the  longer  transmission  distance  and  the 
increased  value  of  losses. 

11.09  Conductor. - Tne  795  MCM  ASCR  conductor  proposed  in  USER 
criteria  was  found  to  be  the  mos';  econi'mical  choice  for  the  line.  An 
analysis  was  made  of  different  conduct. r sizeSj  their  cost,  their 
effect  on  structure  ccs'  and  the  value  of  t;he  losses.  These  were  all 
present  worthed  to  obtain  the  most  economical  conductor.  The  795  MCM 
conductor  has  considerably  more  capacity  than  is  required  but  the  high 
value  of  losses  dic'ated  its  choice, 

I'.IO  Structures.-  Wood  h-frame  structures  will  be  used  over 
39.3  miles  of  the  line.  .The  remaining  5.3  niiles  will  be  steel  or 
al'.jmlnum  towers.  Wo  )d  pvles  are  used  wr  erever  feasible  because  of  their 
lower  cost.  In  the  5.3  mile  area  near  the  powerp lant , metal  towers  will 
be  used  because  of  space  limitations,  difficulty  of  installing  guys, 
strength,  adaptability  to  steep  slopes  and  the  ability  to  maintain  them 
by  use  of  small  he  1 icop  .ters . This  5.3  mile  area  is  very  steep,  has  long 
spans,  and  is  at  a higher  al'ltude  than  the  rest  of  the  line  as  well  as 
being  inaccessible  from  the  beach. 
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11.11  Taku  Inlet  Crossing.-  Takj  Inlet  will  be  crossed  by  four, 
single-conductor,  138,000-volt  submarine  cables.  One  cable  would 
serve  as  a spare  and  will  be  parall-led  with  one  of  the  other  cables 
under  normal  operating  conditions,  'l.ku  Inlet  reaches  a depth  of 
about  680  feet  at  the  cable  crossink;.  S-ich  cable  will  rest  on  the 
bottom  and  will  be  about  14,250  feet  in  'ength. 

11.12  An  economic  study  of  various  cable  types  and  sizes  showed 
that  a 250  MCM  oil-filled,  paper- insu lated , .ead-sheathed , steel- 
armored  cable  was  the  best  alternative.  This  cable  would  have  the 
capability  of  carrying  113  MVA,  however,  it  is  the  smallest  size 
recommended  for  this  voltage  by  standards  for  manufacture.  The 
excess  capacity  will  permit  the  addition  of  other  power  plants  to 
the  system  if  required  at  a later  date.  Ai  overhead  crossing  was 
also  investigated,  but  higher  costs,  less  reliability,  hazard  to 
aircraft  and  other  factors  led  to  early  elimination. 

11.13  Juneau  Substation.-  The  recommended  substation  plan, 
essentially  the  same  as  that  outlined  by  the  USER,  is  shown  on  Figure 
2,  Appendix  B.  Triple-rated,  auto-transformers  with  a maximum 
capacity  of  40  MVA  are  recommended.  When  the  second  transformer  is 
added,  it  will  be  paralleled  with  the  first  with  isolating  disconnect 
switches  provided  to  facilitate  maintenance. 

11.14  The  substation  will  also  be  provided  with  a 3,096  square- 
foot  building  which  will  house  offices,  control  room,  garage  and 
warehouse.  Space  will  also  be  provided  for  outdoor  storage  (Plate  39). 

11.15  Snettisham  Switchyard.-  Initially,  the  switchyard  at 
Snettisham  will  consist  of  two  transformers,  two  transformer  bays 
and  one  line  bay  and  will  generally  conform  to  USER  construction 
standards  (Plate  31). 

11.16  Communications . - The  communications  planned  for  the  con- 
struction period  will  consist  of  four  voice  channels  and  one  teletype 
channel  on  a VHF,  UHF  or  microwave  radio  link.  This  system  will  be 
adequate  for  the  operation  of  the  project.  Communications  will  be 
covered  in  greater  detail  in  a Communications  Supplement  to  Design 
Memorandum  No.  5,  "Access  and  Construction  Facilities." 

11.17  Maintenance. - Inaccessibility  of  large  portions  of  the 
line  and  ruggedness  of  terrain  will  cause  operation  and  maintenance 
costs  to  be  much  higher  than  the  average  costs  for  lines  of  similar 
voltage  located  in  other  states.  Much  of  the  equipment  required  for 
line  maintenance  will  be  used  only  for  emergency  repairs  and  will 

be  used  rarely  during  normal  operations.  The  line  can  be  patrolled 
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most  economically  by  helicopter.  Roads  are  only  practical  for  about 
26  miles  of  the  line.  The  other  20  miles,  would  have  to  be  maintained 
by  other  means,  probably  by  helicopter.  The  design  of  the  structures 
will  be  such  that  they  can  be  constructed  and  maintained  with  a 4,000 
pound  capacity  helicopter.  Storage  space  will  be  provided  at  Juneau 
Substation  and  at  Snettisham  for  various  items  of  line  maintenance 
equipment,  poles  and  o'her  spare  parts. 
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SECTION  12  - ACCESS  AM)  lUNSTRUCIION  FACILIIIES 


12.01  General . - This  section  describes  proposed  development  of 
facilities  for  access  to  and  within  the  project  area.  Tnese  include 
the  dock  and  floats  and  permanent  and  temporary  access  roads.  Discus- 
sions of  residency  and  camp  facilities  and  of  fire  control  requirements 
are  also  included.  Diversion  works  are  described  in  conjunction  with 
the  dam  in  Seer  ion  6.  Locations  of  the  features  discussed  herein  are 
shown  on  Plate  3.  Wherever  possible,  facilities  required  during  the 
construction  period  will  be  so  designed  and  located  that  they  can  be 
utilized  to  the  maximum  degree  in  development  of  permanent  facilities 
required  for  the  operation  and  maintenance  of  the  project.  The  design 
and  location  of  many  of  the  facilities  associated  with  construction 
activities  will,  within  broad  limits,  be  left  to  the  discretion  of  the 
contractor . 

12.02  Docking  Facilities.-  Transportation  of  materials,  supplies 
and  personnel  to  the  project  will  be  provided  solely  by  sea  and  air. 
Facilities  for  the  unloading  of  boats,  barges  and  seaplanes  will  there- 
fore be  essential  to  operation  of  the  project.  These  facilities  will 
be  located  in  a protected  cove  on  the  southerly  side  of  Star  Point 
approximately  two  miles  south  of  the  powerplant.  Explorations  in  the 
dock  area  showed  foundation  materials  to  be  organic  silt  and  fine  rock 
flour  having  low  strength  and  buoyed  up  with  high  artesian  pressures. 
Because  of  the  low  strength  and  the  suscef t ibil ic y of  the  area  to  under- 
water sliding,  all  dock  structures  will  be  located  near  shore  where 
piling  can  rest  on  bedrock. 

12.03  A barge  dock  suitable  for  the  unloading  of  medium-craft 
barges  will  be  constructed  adjacent  to  the  shore  with  a 40-foot  by 
350-foot  timber  deck  at  elevation  15.  The  maximum  tidal  range  in 
Speel  Arm  is  about  28  feet.  Therefore,  dredging  of  an  area  in  front 
of  the  dock  to  an  elevation  of  approximately  minus  23  will  be  required 
to  allow  entrance  of  barges  at  minimum  tides. 

12.04  Adjacent  to  the  barge  dock,  floats  will  be  provided  for 
the  loading  and  unloading  of  seaplanes  and  of  boats  up  to  approximately 
60  feet  in  length.  The  boat  float-,  anchored  by  timber  guide  piles, 
will  be  60  feet  long  and  16  feet  wide  and  will  be  supported  by  foamed- 
plastic  logs.  The  seaplane  float,  secured  to  the  end  of  the  boat  float, 
will  be  30  feet  wide  and  40  feet  long. 

12.05  A landing  craft  will  be  u'llized  for  transportation  of 
equipment  and  materials  for  trans-missi'n  line  maintenance  and  also 
for  moving  vehicles  and  heavy  supplies  between  Juneau  and  Snettisham. 

A timber  ramp  50  feet  wide,  witn  a shpe  of  20  percent,  will  be 
provided  for  loading  and  -anioading  this  craft.  The  upper  end  of  the 
ramp  will  adjoin  the  deck  of  the  barge  dock  and  will  undoubtedly  be 
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utilized  extensively  during  project  construction.  In  addition,  the  ramp 
will  be  suitable  for  beaching  of  amphibian  aircraft  for  loading  and 
unloading  during  periods  of  unfavorable  weather. 


12.06  Additional  facilities  in  the  dock  area  will  include  a small, 
electrically-operated  crane  with  a capacity  of  approximately  4,000 
pounds;  storage  facilities  for  gasoline  and  oil  in  55-gallon  drums; 

a small  shelter  building  with  a telephone  connected  to  the  project 
system  and  area  lighting  to  provide  for  night  operations. 

12.07  Permanent  Access  Roads.-  An  access  road  having  a 24-foot 
roadway  and  a gravel  surface  will  be  constructed  to  connect  the  dock 
area  with  the  powerplant  and  camp  area.  It  will  be  about  two  miles  in 
length  and  will  extend  across  the  upper  end  of  the  tideflat  on  a 
gravel  fill.  In  this  area  the  roadway  surface  will  be  at  its  minimum 
elevation  of  15.  In  the  vicinity  of  Crater  Creek  the  road  will  rise 
to  a higher  elevation  in  a rock  cut  section,  then  descend  to  a fill 
section  at  elevation  15  across  the  tideflats  in  the  powerplant  area. 

Three  bridges  of  steel  and  concrete  construction  will  be  required  for 
this  road.  Single-span  bridges  of  88  and  45  feet  will  be  used  at 
Crater  Creek  and  Glacier  Creek  respectively,  and  a four-span  bridge 
totaling  155  feet  will  be  used  to  cross  the  tailrace  channel.  Corrugated 
metal  culverts  will  be  provided  for  cross-drainage  where  required. 

12.08  A similar  road  will  be  constructed  from  the  camp  area  to 
a staging  area  near  Long  River  at  approximately  elevation  200.  This 
road  will  generally  follow  the  easterly  edge  of  the  braided  stream 
channel  of  Glacier  Creek  on  gravel  fill,  then  rise  to  the  saddle 
above  First  Lake  in  a rock  cut  section.  From  this  point  to  the  staging 
area  the  road  will  follow  the  westerly  side  of  the  valley  of  First  and 
Second  Lakes  on  a gentle  grade  with  a combination  of  cut  and  fill 
sections.  Throughout  its  length  the  permanent  access  roads  will  have 

a maximum  grade  of  ten  percent  and  a maximum  curvature  of  57  degrees. 

12.09  Foundation  conditions  are  not  expected  to  be  critical 
except  in  the  tideflat  area  between  Crater  Creek  and  the  powerplant. 

In  this  section  the  foundation  is  composed  of  organic  silts  and 
fibrous  peaty  soils  having  variable  and  relatively  low  strengths. 

Based  upon  vane  shear  tests  and  observations,  the  maximum  fill  height 
has  been  set  at  14  feet  which  provides  a factor  of  safety  against 
sliding  of  1.2.  Other  sections  will  be  founded  either  on  bedrock  or 
granular  materials  and  should  present  no  stability  problems.  In  the 
Second  Lake  area,  the  road  alignment  crosses  an  area  of  varved  silt. 

No  stability  problems  are  expected  but  excavated  slopes  will  require 
stabilization  to  prevent  erosion  from  heavy  rains.  Granular  material 
for  embankments  is  available  at  convenient  locations  along  the  alignment. 

12.10  Temporary  Access  Roads.-  Access  from  the  Long  River  staging 
area  to  the  Long  Lake  damsite,  as  well  as  access  to  tunnel  portals  and 
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surge  tank,  will  be  the  reop^;  ts  ib;  1 1 ty  cf  the  contractor  and  will  not 
be  provided  by  the  Government.  Frovisi^  ns  will  be  made  in  tbe  contract 
documents  to  control  the  ccnst ruction  of  all  temporary  roads  in  order 
to  satisfy  the  requirements  of  the  . S.  Forest  Service.  Prior  to 
termination  of  the  final  coistructicn  contract,  a review  of  all  the 
then-existing  roads  on  the  project  will  be  made  in  conjunction  with 
representatives  of  the  Bureau  of  Reclamation  and  the  Forest  Service. 

All  roads  which  are  judged  suitable  for  pr-ject  operation  will  be 
retained.  All  other  roads  and  trails  will  be  restored  as  nearly  as 
possible  to  their  original  ccnditicn  and  treated  to  prevent  erosion, 
as  specified  by  the  Forest  Service. 

12.11  Residency  Facilities.-  Tempirary  facilities  for  the 
operations  of  the  Resident  Engineer's  staff  are  proposed  for  early 
construction  and  will  be  Included  in  the  first  construction  contract. 

A firm  location  fcr  these  facilities  has  not  been  selected,  but  it 

is  tentatively  planed  that  they  will  be  in  the  area  which  will  be 
graded  for  the  contractor's  camp,  adjacent  to  the  existing  Government 
camp.  The  Resident  Engineer's  office  building  will  contain  3,200 
square  feet.  An  800  square  foot  field  laboratory  and  800  square 
feet  of  storage  space  will  be  provided,  either  in  the  same  building 
or  in  a separate  building  connected  by  a covered  walkway.  In  addition, 
warm  storage  space  for  six  Government  vehicles  will  be  provided. 

12.12  Government  Camp.-  The  existing  Government  camp,  constructed 
for  use  during  the  pre  - co  ns  t ruC  t ion  plan'^ing  phase  of  the  project,  will 
be  retained  for  use  by  Government  personnel  during  project  construction. 
It  may  be  made  available  for  temporary  use  by  the  first  construction 
contractor  during  preparation  of  the  contractor's  camp.  The  existing 
camp  is  a self-sufficient  facility  providing  accommodations  for  36 

men  together  with  a warehouse  and  a small  office.  Modification  of 
the  existing  water  supply  system  will  be  required  with  a connection 
to  be  provided  from  the  contractor's  camp.  Electric  power  and 
operational  services  for  the  Government  camp  will  be  provided  by  the 
contractor . 

12.13  Con  tractor's  Camp.-  Ai  area  s.itable  for  the  ccntractor's 
camp  is  available  on  the  easterly  side  cf  Glacier  Creek  adjacent  to 
the  permanent  access  road  and  the  existing  uovernment  Camp.  The  area 
is  a gravel  hill  partially  covered  with  timber  and  overlain  with  from 
three  to  five  feet  of  peat.  Suitable  material  excavated  during 
construction  of  the  camp  will  be  used  as  fill  fcr  the  access  road. 
Clearing  and  grading  of  the  camp  area  t gether  with  construction  of 

a water  supply  system  and  a sewage  disfosal  facility,  will  be  included 
in  the  first  project  construction  ccntract.  T''stallatior.  of  structures, 
water  distribution  and  sewage  ccllecti  ' systems,  power  supply  and 
distribution  system  fcr  his  own  .se  will  be  the  responsibility  of 
the  contractor.  After  completion  f tct-  priject.  the  camp  area  will 
be  available  for  release  to  the  F,  'e-st  Service  f . r possible  recreational 
development . 
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12.14  Fire  Control.-  Because  the  area  encompassed  by  the  Snettisham 
project  lies  within  the  boundaries  of  the  Tongass  National  Forest, 
special  fire  control  precautions  during  construction  will  be  necessary. 
An  annual  fire  control  plan  will  be  prepared  by  the  Forest  Supervisor 
of  the  Forest  Service  in  agreement  with  the  Corps  of  Engineers,  and 
this  plan  will  be  binding  on  the  contractor  and  all  sub-contractors. 
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SECTION  13  - BUILDINGS,  GROUNDS  AND  UTILITIES 


13.01  General . - Buildings  and  grounds  development  in  the  project 
area  will  be  limited  to  those  facilities  required  for  operation  and 
maintenance.  Because  of  the  isolated  location  of  the  site,  more 
extensive  provisions  for  maintenance  and  repair  will  be  necessary 
than  would  be  required  for  comparable  projects  in  other  areas.  Rein- 
forced concrete  fire  resistant  construction  will  be  used  for  all 
project  buildings.  While  all  buildings  will  be  of  utilitarian  design, 
the  principles  of  good  architectural  design  will  not  be  neglected. 
Heating  will  be  all  electric  and,  during  the  course  of  further  studies, 
the  use  of  a combined  heat-pump  system  for  the  powerhouse,  dormitory 
and  office-shop  building  will  be  investigated. 

13.02  Housing  and  Service  Area.-  The  dormitory  and  the  power- 
house office  and  shop  building  will  be  constructed  in  proximity  to  the 
powerhouse  as  shown  on  Plate  31.  The  area  upon  which  these  buildings 
will  be  located,  together  with  the  switchyard  area  on  the  opposite 
side  of  the  tailrace  channel,  will  be  used  initially  as  a disposal 
area  for  materials  excavated  from  the  tunnels  and  powerhouse.  Addi- 
tional fill  material  from  borrow  will  be  used  to  complete  the  grading 
of  the  area. 

13.03  Housing. - On  the  basis  of  criteria  outlined  in  ER  415-2-301, 
it  is  believed  that  the  provision  of  permanent  housing  for  project 
employees  is  justified.  The  nearest  community  to  the  site  is  Juneau, 

28  miles  distant  by  air  and  45  miles  by  water.  No  roads  exist  or  are 
proposed  to  connect  the  site  with  Juneau.  In  the  Project  Document  it 
was  proposed  that  fifteen  dwellings  be  constructed  for  the  use  of 
permanent  project  employees.  Current  planning  by  the  Bureau  of 
Reclamation  for  operation  of  the  project,  however,  indicates  that 
personnel  will  be  based  in  Juneau.  Transportation  from  Juneau  to  the 
site  will  be  provided  by  the  Government  on  a regular  weekly  shift 
basis.  Therefore,  no  family  housing  will  be  provided  and  a dormitory 
will  furnish  accommodations  during  the  regular  tour  of  duty. 

13.04  As  illustrated  on  Plate  39,  the  8,500  square  foot  two- 
story  dormitory  will  have  a 20-man  capacity  with  individual  bedrooms 
and  semi-private  baths.  It  will  include  kitchen,  dining,  lounge  and 
recreation  facilities  together  with  adequate  food  storage  and  refrigera- 
tion. An  underground  passageway  will  connect  with  the  office  and  shop 
building  and  with  the  control  room  level  of  the  powerhouse.  By  this 
means  the  three  buildings  will  be  formed  into  an  integral  complex, 
facilitating  traffic  between  them  and  assuring  all-weather  availability 
of  off-duty  personnel  in  emergencies. 

13.05  Powerhouse  Office  and  Shop  Building.-  Office  space  for 
the  project  superintendent, together  with  shop  and  storage  facilities. 
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will  be  provided  in  a 3,500  square  foot  building  immediately  adjacent 
to  the  powerhouse.  The  machine  shop  in  this  building  will  be  adequate 
in  size  and  equipment  to  allow  for  all  except  major  powerplant  repairs. 
Storage  space  will  be  included  for  a stock  of  spare  powerplant  equip- 
menc.  A vehicle  storage  and  service  area  will  allow  for  the  storage 
of  three  vehicles.  It  will  include  a vented  grease  pit,  vehicle 
maintenance  tools  and  equipment  and  space  for  spare  parts.  In  this 
area  will  be  located  a 125-KW  diesel -driven  generator  for  emergency 
power  supply. 

13.06  Transmission  Maintenance  Building.-  A 2,250-square  foot 
building,  located  as  near  to  the  dock  area  as  possible,  will  provide 
storage  for  transmission  line  maintenance  equipment,  materials  and 
supplies.  It  will  be  capable  of  storing  a line  truck,  D-6  tractor, 
Lcacked  snow  vehicle  and  a hot  stick  trailer.  Warehouse  space  will 
be  adequate  for  all  materials  and  supplies  requiring  covered  storage, 
and  a gravel  surface  storage  yard  will  be  included. 


13.07  Grading,  Seeding  and  Planting.-  Because  of  the  heavy  rain 
and  snow-fall  in  the  project  area,  care  will  be  taken  in  design  of  all 
graded  areas  to  preclude  maintenance  problems  resulting  from  flooding 
or  erosion.  Gravel  surfaced  drives  and  parking  areas  will  be  provided 
for  all  areas  requiring  vehicular  access.  A limited  amount  of  seeding 
and  planting  will  be  done  in  the  housing  and  service  area  to  enhance 
the  architectural  appearance  of  the  buildings.  Consideration  will 
also  be  given  to  the  possibility  of  seeding  of  excavated  slopes  in 
areas  of  easily  credible  materials. 

13.08  Utilities . - Domestic  water  may  be  supplied  either  from 
surface  or  underground  sources.  Several  small  streams  exist  in  the 
vicinity  of  the  powerhouse  and  groundwater  is  plentiful.  A reliable 
source  will  be  developed  during  subsequent  studies,  and  treatment 
and  storage  facilities  will  be  provided  as  required.  Sewage  disposal 
facilities  will  also  be  provided  in  appropriate  areas  as  required. 

13.09  Electric  power  will  be  supplied  by  the  station-service 
svstem  in  the  powerhouse,  with  a diesel-driven  standby  generator  for 
emergencies.  A three-phase,  440-volt  power  line  will  provide  power  for 
t^ie  transmission  maintenance  building  and  the  dock  area.  An  inter- 
connecting project  telephone  system  will  provide  communications 
between  all  the  buildings  as  well  as  with  the  dock  area. 
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SECIION  14  - CONCRETE  AGGRECAIES 


14.01  Availability  of  Construction  Materials.-  The  Snettisbam 
project  has  both  advantages  and  disadvantages  with  respect  to  avail- 
ability of  suitable  construction  materials.  Relatively  high  quality 
natural  deposits  of  sands  and  gravels  nave  been  laid  down  by  past 
stream  deposition  and  glacial  outwash  in  many  areas  within  short 
distances  of  the  project  (see  Section  4).  The  ruggedness  and  unusual 
steepness  of  the  terrain  in  this  area,  however,  has  tended  to  enter 
very  strongly  in  determining  the  economic  suitability  of  specific 
concrete  aggregate  sources.  Further  complicating  this  study  are  the 
long  distances  between  various  major  concrete  structures  of  the  project 
as  well  as  the  required  sequence  of  construction  (Plate  6A) . 


14.02  Sources  Studied.-  Although  many  initial  sources  of  concrete 
aggregate  have  been  studied  to  some  degree,  three  basic  deposits  have 
entered  into  definite  final  consideration  for  proposed  use  at  the  project 
(Plate  6 and  Photos  15  though  19'.  These  ateas  of  study  are  Source  A, 
a natural  deposit  of  glacial  outwash  sand  and  gravels  at  the  head  of 
Long  Lake;  Source  B,  a natural  deposit  of  sandy  oversized  gravels  in 
the  alluvial  fan  of  Glacier  Creek;  and  Source  C,  a ledge  rock  source 
of  manufactured  aggregate  just  off  the  left  abutment  of  the  dam  site. 


14.03  Sources  Compared, 
comparisons  of  the  three  cone 
Appendix  C.  Inasmuch  as  unit 
especially  for  Sources  A and 
may  ultimately  determine  fina 
A partial  list  of  these  facto 


- Cost  estimates  and  overall  economic 
rete  aggregate  sources  are  shown  in 
costs  per  yard  are  relatively  close, 

C,  there  could  well  be  other  factors  which 
1 usage  of  these  construction  materials, 
rs  follows: 


a.  Results  of  trial  mix  design  studies  which  will  be 
performed  by  NPD  testing  laboratory  on  samples  from  Sources  A and  E. 

A trial  mix  study  has  been  performed  fer  Source  C with  generally  very 
satisfactory  results. 


b.  It  is  relatively  m..ch  easier  ti'  obtain  6-minus 
material  for  the  mass  concrete  in  the  dam  Sources  B or  C as  compared 
with  Source  A.  The  cement  factor  in  the  mix  could  be  redacted  with 
coarser  aggregate  sizes  in  the  mass  concrete,  but  workability  would 
be  correspondingly  decreased  with  the  angular  6-incb  material  from 
Source  C. 


c.  It  is  highly  desirable  to  have  rounded- particle , 
natural  aggregates  for  the  extensive  pumperete  operations  for  lining 
over  a mile  and  a half  of  tunnel.  By  far  the  best  material  for  this 
work  would  be  from  Source  A at  the  head  of  Long  Lake.  This  same  factor 
would  also  apply,  but  to  a lesser  degree,  to  the  placing  of  other 
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^cractural  concrete  where  smaller  natural  aggregate  sizes  are  preferred 
; areas  where  forms  are  tight  and  reinforcement  steel  is  closely  spaced. 

d.  Results  of  preliminary  concrete  aggregate  tests  demon- 
strate that  for  physical  quality,  the  aggregates  are  to  be  ranked  in 
tr.e  approximate  order,  Source  A,  C and  B.  Beyond  a certain  point  these 
differences  may  be  only  academic  as  long  as  all  sources  are  capable  of 
C"  dicing  materials  which  attain  minimum  prescribed  test  values. 

e.  Source  C is  most  conveniently  located  for  the  dam,  intake 
structure,  diversion  structure  and  upper  part  of  the  power  tunnel. 

S irce  B is  most  conveniently  located  for  the  powerhouse,  penstocks, 
sarge  tanks  and  lower  porticn  of  power  tunnel. 

14.04  Testing  Programs.-  Appendix  C shows  the  results  of  some  of 
c'-e  aggregate  tests  performed  to  date  cn  materials  from  Sources  A,  B 

a 'd  C.  Also  shown  are  the  results  of  the  trial  mix  study  on  manufactured 
aggregates  from  Source  C.  The  only  test  complete  result  not  yet  avail- 
atle  from  the  trial  mix  study  of  Source  C is  the  mortar  bar  expansion 
test,  but  from  preliminary  indications  the  results  of  this  test  should 
be  favorable.  It  is  not  anticipated  that  alkali  reactivity  will  be  a 
problem  with  any  of  the  aggregate  materials  at  Snettisham.  Therefore, 
it  does  not  appear  that  it  will  be  necessary  to  specify  the  use  of  low 
alRali  cements.  Of  interest  and  of  possible  future  usefulness  is  the 
cl:3e  similarity  in  test  results  from  Snettisham  Source  C and  test 
results  from  Dworshak  Dam  in  Idaho  where  manufactured  granitic  ledge 
■ru:ck  is  currently  being  utilized. 

14.05  Some  of  the  sand  fractions  from  Source  B have  fallen  below 
standard  strength  in  the  "mortar  making  properties"  test.  This  deposit, 
vMch  is  near  tidal  level  shows  evidence  of  higher  degree  of  weathering, 
probably  resulting  from  humic  acids  in  the  nearby  peaty  topsoil  as 
I'-dicated  by  bron  limcnitic  coatings  on  many  aggregate  samples.  As  a 
rci..lt,  only  the  gravels  will  be  obtained  from  this  source  and  the  sand 
fraction  will  be  scalped  off.  A deposit  of  apparently  suitable  sand  does 
v-xLSt  within  a few  hundred  yards  of  Source  B proper  (Plate  6). 

14.06  Full-scale  trial  mix  studies  will  be  underway  this  winter 
at  the  NPD  testing  laboratory  on  materials  from  Sources  A and  B.  These 
-t.dies  will  include  7,  28  and  90  day  breaking  tests  on  concrete  test 
cylinders,  flexure  tests  on  test  beams,  mortar  bar  expansion  test, 

a- i ether  standard  tests  conducted  cn  the  aggregates  themselves.  The 
t.rT>tiag  program  will  also  include  thermal  studies  on  the  coarse  aggre- 
gates for  future  mass  concrete  temperature  studies  These  latter  tests 
i 1 include  conductivity,  diffusivity,  and  thermal  expansion  tests  on 
fe  coarse  aggregate  from  Sources  A and  6.  It  is  anticipated  that  useful 
.'elated  information  of  this  type  for  Sc.,  rce  t.  can  be  obtained  by  close 
.rxami nation  of  the  test  results  and  theoretical  thermal  studies  already 
itrfcrmed  for  Dworshak  Dam. 
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14.07  Sources  Adopted  for  this  Report.-  For  the  purpose  of 
preparing  cost  estimates  for  this  design  memorandum,  Source  C,  the 
manufactured  aggregate,  is  utilized  for  the  dam,  intake  structure 
and  reservoir  outlet  tunnel.  Source  B,  the  Glacier  Creek  deposit, 
is  utilized  for  powerhouse,  surge  tank  and  power  tunnel.  Other 
economic  and  physical  factors  relating  to  site  logistics  and  proven 
aggregate  qualities  may  change  this  presently  proposed  usage  to  some 
degree.  These  important  considerations  will  be  thoroughly  covered 
along  with  the  final  results  of  all  testing  programs  in  later  specific 
design  memoranda.  Firm  recommendations  on  individual  or  combined 
usage  of  the  various  available  concrete  aggregate  sources  will  then 
be  made. 


SECIIOS  15  - RESERVOIR  MAiSAGEMENT  AND  PJBLIC  USE 


15.01  General . - This  section  of  the  General  Design  Memorandum 
presents  information  on  the  rescnrces  existing  in  the  project  area 
and  those  trat  may  be  created  by  the  formation  of  the  pool  and  related 
works,  along  with  t>ie  responsibility  of  management  of  any  natural  and 
recreational  resources,  existing  or  f rmed.  The  data  contained  in  the 
following  paragraphsj  are  summarized  from  the  Preliminary  Master  Plan 
(Design  Memorandum  Ni.  . 4 dated  April  1965)  . 

15.02  Scenic,  Histcric  and  Archeo logic  Resources.-  The  froject 
areas  lie  in  a very  rugged  and  almost  completely  unpopulated  region 
with  no  existing  roads  and  is  accessible  only  by  boat  or  float  plane. 

The  climate,  typical  of  S. utheastern  AlasKa,  is  characterized  by 
moderate  temperatures  at  sea  level,  mild  winters,  cool  summers  and 
heavy  precipitati.r.  mostly  in  the  form  cf  rain.  Dense  forest  cover 
with  accompanying  thick  undergrowth  extends  from  sea  level  to  a maximum 
altitude  of  approximately  2500  feet,  but  these  timbered  areas  are  often 
broken  by  large  muskegs  wt ich  are  not  conducive  to  tree  growtn. 

15-03  The  entire  southeastern  area  is  a mountainous  mass 
intricately  cut  by  waterways  which  separate  the  islands  from  each  other 
and  from  the  mainland,  affording  intermittent  passage  far  into  the 
Coastal  Range.  These  seaways  are  deep,  many  over  400  feet,  and  have 
rocky  bottoms.  Configuration  of  the  land  mass  provides  one  of  the 
most  scenic  areas  of  the  continent.  Many  peaks  on  the  mainland  rise 
to  between  6,000  and  8,000  feet  or  higher  while  many  of  the  islando 
have  peaks  4,000  feet  or  higher.  On  the  mainland,  glaciers  fill  many 
of  the  narrow  canyons  and  attain  great  size  in  the  nerthern  part  of 
the  area.  Most  of  the  higher  peaks.  b:th  on  the  mainla'id  and  on  the 
islands,  also  contain  glaciers. 

15.04-  A colorful  history  has  been  f.  rged  in  Alaska  by  the  white 
man's  effort  to  expand  the  European  influence  to  the  North  American 
Continent.  Russia  claimed  what  is  r.cw  the  State  cf  Alaska  and  much 
of  the  west  toast  by  reason  of  earlv  cxpl.  ration  and  later  attempts 
at  colonization.  During  the  middle  eighteenth  century,  Russian  sins 
pursued  fur  seal  and  sea  otter  herds  m coastal  waters  a-'d  engaged  in 
extensive  fur  trude  with  the  Indians.  Eff.-rts  at  colonizat  I'va  were 
made  to  expl  it  mere  effectively  the  fur  trade  of  the  region.  In  1799 
the  Russian  American  Company  was  organized  to  administer  Alaska  and  to 
promote  discovery,  cornmerce  and  agricult.ire  and  to  propagate  tie 
Russian  Orthodox  faiti,.  C.unt  Baranof  , the  company's  first  executive, 
extended  the  sphere  of  Rus^ian  influence  from  Bristol  Bay  tO'  ni-rthern 
CalifernLa.  Sitka,  then  the  capital,  became  a colorful  and  cosmopolitan 
port  where  ships  from  many  nations  came  to  trade.  In  1818,  however, 
the  Russian  Navy  assumed  central  and  levetsed  the  policy  of  free  trade. 
Russia  then  attempted  to  mon;.potize  all  trade  within  the  area  by 
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cl  ^lng  the  coast  nortli  of  51^  latitude  to  all  but  Rissian  ships. 

Sliortly  thereafter  Russia  was  weakened  by  wars  and  internal  trouble 
aid  permitted  her  infljence  in  Alaska  to  decline  daring  the  following 
half  century.  Then,  rather  than  lose  tlie  Territory  to  another  power, 
Alaska  was  sold  tc  the  United  States  in  1867. 

15.05  Prior  to  purchase  of  Alaska,  Americans  had  entered  the 
region  to  trade,  prospect  for  gold  or  to  fish  and  by  the  late  1860's 
were  fishing  Alaskan  coastal  waters  for  cod  and  salmon.  After  the 
first  tannery  was  b^ilt  at  Klawak,  Prince  of  Wales  Island,  in  1879, 
the  industry  grew  steadily  and  by  1899  the  annual  salmon  pack  reached 
a million  cases.  In  the  meantime  prospectors  were  coming  into  the 
S.utheast  to  search  foe  mineral s- -pr Lnci pal ly  gold.  Their  success  is 
evidenced  by  the  large  lode  gold  mines  which  were  operating  on  Gastineau 
Giainel  before  1900.  Thus  the  two  basic  industries,  fishing  and  mining, 
were  well  established  by  the  turn  of  the  century.  Many  communities 
came  into  existence  to  serve  as  supply  and  processing  centers  for 
fisnermei!.  Other  communities,  notably  .Vaneau  and  Douglas,  developed 

as  mi. 'ling  camps. 

15.06  Southeastern  Alaska  not  only  possesses  an  abundance  of 
atural  resources  upon  which  to  base  a tourist  industry,  but  is  also 

rich  in  historical  associations  of  a colorful  past.  Early  tribal 
life  of  the  Indians  is  manifested  in  totem  poles,  grave  houses,  kitchen 
midde“'.3,  community  houses  and  native  arts  such  as  basketry,  wood 
carving  and  blankets.  Some  of  the  best  examples  if  these  may  be  found 
i ! the  vicinity  of  Sitka.  Wrangell  and  Ketchikan.  In  Sitka,  former 
seat  of  Russia's  colonial  government,  evidences  of  the  occupation 
are  widespread.  Many  of  the  structures  built  by  the  Russians  are 
still  in  use,  among  which  is  the  Cathedral  of  St.  Michael,  a Russian 
• irth’idox  Church,  completed  in  1848.  The  Indians,  a=  well  as  the 
Russian  traders,  American  and  Canadian  trappers,  did  very  little 
.enetrating  of  the  small  rivers  along  the  mainland  such  as  Speel  River. 

F c the  most  part,  their  activities  'were  located  on  main  navigation 
channels  and  islands.  There  was  little  activity  in  the  Gastineau 
C-a-i'-.fcl  area  until  the  discovery  of  gold-bearing  quart^  and  rich 
gravels  in  the  Gold  Creek  Basin  in  the  summer  of  1880.  Development  of 
tr.e  large,  low  grade  ere  bodies  was  rapid  and  the  luneau  area  soon 
became  the  most  im'portant  producer  In  Alaska.  In  1900  the  seat  of 
g.vernnent  was  officially  transferred  to  -Tuneau  from  Sitka,  although 
cte  actual  move  was  made  gradually  over  several  ysrars. 

15.07  Fisheries . - The  present  economy  of  Southeast  Alaska  is 
largely  based  on  its  extensive  fishaties  industry  which  furnishes  the 
livelihood  for  the  large  majority  of  the  population  either  directly  or 
i -id  i rec  t ly . Ine  waters  of  Sc.theast  Alaska  are  prolific  producers  of 

f i S' , especially  the  protected  waters  which  lie  between  the  hundreds 
f islands  which  make  up-  most  of  the  coast  line.  The  offshore  waters 
are  a I u i irr.portant  prcdvicers  and  have  in  recent  years  shown  a stable 

steady  growth  in  their  yield.  The  principal  types  of  fish  caught  in 
t'e  regi  -n  are  salmo.i.  i,alibut  herring,  sablefish  a d shellfish. 
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15.08  The  salmon  found  in  Southeast  Alaska  are  of  five  species 
which  in  their  order  of  importance  are  the  pink,  chum,  echo,  red  and 
king.  Pink  and  chum  salmon  usually  spawn  in  lower  tributary  or 
coastal  streams  often  within  a mile  or  so  of  the  ocean,  whereas  kings 
and  cohos  prefer  the  larger  streams  and  travel  much  farther.  The 
reds  use  only  streams  with  lakes  in  their  watersheds  and  spawn  along 
the  shores  of  the  lakes  or  in  the  tributary  streams  above.  The 
canning  of  salmon  in  Alaska  was  inaugurated  in  1878,  and  by  1889 
there  were  a dozen  salmon  canneries  in  Southeastern  Alaska.  Their 
1950  canned  salmon  pack  amounted  to  a little  over  1,187.000  cases 
and  haa  a value  of  about  $26,000,000  at  the  packing  plants.  The 
1963  pack  amounted  to  1,216,145  cases  at  a value  of  $28,123,360. 

15.09  Wildlife . - In  Alaska  wildlife  is  classified  in  three  main 
categories - -big  game,  fur  animals  and  birds.  The  most  abundant  big 
game  in  Southeast  Alaska  is  the  Sitkan  black-tailed  deer  followed  by 
bear,  mountain  goat  and  moose.  The  deer,  which  are  estimated  to  number 
about  40,000  are  found  in  some  12,000  square  miles  of  range  extending 
from  Dixon  Entrance  to  Cross  Sound.  The  brown  and  grizzly  bears, 
highly  prized  by  big  game  hunters,  are  most  numerous  on  Baranof  and 
Chichagof  Islands  and  the  black  bear  is  found  on  Kuiu,  Kupreanof,  and 
Prince  of  Wales  Islands  and  along  the  mainland  coast.  The  offshore 
islands  were  devoid  of  these  animals  until  some  were  successfully 
transplanted  to  Baranof  Island  by  the  J.  S.  Fish  and  Wildlife  Service. 

The  mountain  goat,  by  its  way  of  living  in  remote  and  inaccessible 
areas,  is  assured  protection  from  all  but  the  hardiest  of  human  hunters. 
The  few  moose  that  inhabit  this  region  are  confined  to  the  mainland 
coastal  areas. 

15.10  Fur  animals  have  played  an  important  part  in  the  development 
of  Southeast  Alaska  since  its  early  settlement  by  the  Russians.  Many 
hundreds  of  the  native  Indians  and  numerous  professional  white  trappers 
and  old  time  residents  depend  on  hunting  and  trapping  and  the  selling 

of  furs  as  a mainstay  for  their  existence.  The  principal  Cur  bearing 
animals  are  mink,  marten,  beaver,  land  otter,  muskrat  and  weasel. 

Wolves,  though  not  strictly  classed  as  fur  animals,  have  pelts  of 
sufficient  valie  to  warrant  their  mention.  The  average  annual  fur  take 
for  three  years,  1948  to  1950  inclusive,  was  valued  at  more  than 
$450,000,  80  percent  of  which  was  mink. 

15.11  Large  numbers  of  migratory  water  fowl  and  upland  game 
birds  propagate  in  the  area.  Many  kinds  of  ducks  breed  here,  bit 
the  most  common  are  the  pintail,  mallard  and  American  wigeon.  An 
isolated  colcny  of  the  beautiful  large  Pacific  eider  duck  nests  in 
the  Glacier  Bay  National  Monument  area.  The  whitecheeked  goose  is 
predominant  cn  the  many  islands  of  this  region. 

15.12  The  most  abundant  upland  game  birds  are  grouse  and  ptarmigan. 
Ptarmigan,  the  Alaska  State  bird,  is  a form  of  grouse  which  nature  has 
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endowed  with  the  ability  to  change  its  coloration  between  summer  and 
winter  periods.  Alaska  grouse,  including  ptarmigan,  are  subject  to 
epizootic  disease  and  periodically  die  off  in  large  numbers.  These 
birds  increase  to  great  abundance  every  8 to  10  years  and  then  almost 
vanish,  after  which  the  flocks  slowly  build  up  again  from  scattered 
s'irvivors . 

15.13  Economy . - The  five  most  important  sources  of  income  in 
Southeastern  Alaska  are  government,  fishing,  forestry,  tourism  and 
mining.  The  fishing  and  forestry  industries  have  formed  the  major 
part  of  the  economy  of  the  area.  However,  the  Juneau  area's  economy 
is  based  on  Federal,  State  and  local  governments.  Various  agencies 
of  the  governments  provide  jobs  for  approximately  1,500  people  and 
represents  a payroll  in  excess  of  $8,300,000. 

15.14  Fishing  and  Fish  Processing.-  In  1950  the  fishing  industry 
employed  almost  half  of  the  workers  within  the  area  at  the  peak  of 
the  season.  The  main  activity  is  concentrated  within  a few  months 
period,  and  off-season  employment  falls  considerably  below  that  during 
the  peak.  Salmon  and  halibut  fisheries  now  catch  the  maximum  numbers 
permissible  in  the  interest  of  conservation,  but  the  industry  has  some 
opportunity  to  expand.  Many  streams  and  lakes  now  barren  of  salmon 
runs  could  be  opened  up  to  spawning  and  could  produce  large  new  runs 
if  channel  obstructions  were  removed  and,  in  some  cases,  ladders  were 
constructed  to  aid  fish  past  waterfalls.  Some  further  expansion  is 
possible  through  greater  utilization  of  bottom  fish,  shellfish  and 
material  now  wasted. 

15.15  Timber  Resources.-  Nearly  all  of  southeastern  Alaska, 
including  the  Juneau  area,  is  within  the  boundaries  of  the  Tongass 
National  Forest.  Total  land  area  of  this  forest  is  approximately 
16  million  acres.  The  estimated  saw-timber  volume  in  this  area 
exceeds  143  billion  board  feet,  surpassed  by  only  three  other  states: 
Oregon,  Washington  and  California.  The  stand  consists  principally  of 
western  hemlock,  Sitka  spruce  and  lesser  amounts  of  cedar.  Due  to 
steep  slopes,  commercial  timber  grows  in  relatively  narrow  bands  along 
shorelines  of  the  mainland  and  island,  rarely  extending  inland  more 
than  five  miles.  The  vast  network  of  navigable  waterways  make  much 

of  the  timber  readily  accessible.  The  Forest  Service  has  estimated 
t'-at  90  percent  of  this  timber  lies  within  three  miles  of  tidewater. 
Approximately  3 million  acres  of  the  Tongass  National  Forest  is 
presently  estimated  to  contain  timber  of  merchantable  quality. 

Average  volume  per  acre  of  these  stands  is  between  25,000  and  35,000 
board  feet,  but  volumes  exceeding  these  are  common  over  wide  “areas. 

The  majority  of  merchantable  trees  are  from  20  to  40  inches  in 
diameter  and  from  85  to  150  feet  in  total  height.  Additional  develop- 
ment of  timber  resources  promises  to  give  a tremendous  boost  to  the 
Juneau  area. 
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15.16  Recreational  Resources.-  From  a recreation  standpoint, 
scenery  is  the  foremost  tourist  attraction.  The  coastal  area  of 
Southeastern  Alaska  lies  within  a portion  of  an  immense  semicircle 
of  mountains  that  extend  from  the  southern  extremity  of  the  State 
to  the  Aleutian  Chain.  Hundreds  of  square  miles  of  towering  snow- 
capped peaks  have  created  a rugged  terrain  broken  further  by  long 
arms  of  the  sea  extending  inland.  The  resulting  fjords  provide  views 
as  spectacular  as  any  in  the  world.  Adding  both  interest  and 
magnificence  to  the  scenery  in  this  area  are  the  tremendous  glaciers, 
several  of  which  extend  to  tidewater  and  are  among  the  most  spectacular 
on  the  North  American  continent.  A few,  such  as  the  glacier  of  Le 
Conte  Bay,  break  off  in  enormous  blocks  to  become  icebergs.  Alaskan 
glaciers  are  particularly  interesting  in  that  they  are  remnants  of  the 
extensive  ice  field  which  once  covered  much  of  the  North  American 
continent . 

15.17  Another  Important  attraction  for  the  recreationist  is 
the  wildlife  resource  of  the  region  which  affords  good  hunting  and 
sport  fishing.  The  area  contains  a variety  of  game  animals  including 
big  game,  wild  fowl  and  fresh  and  saltwater  fish. 

15.18  Because  of  its  remoteness,  the  Snettisham  project  will 
initially  offer  very  little  recreational  value  to  the  poeple  of  the 
region.  Crater  and  Long  Lakes  are  such  that  no  substantial  recreation 
use  would  be  attracted  to  them.  However,  Interest  in  the  power  plant 
area  at  tidewater  may  attract  some  visitors  via  water  transportation. 

At  the  present  there  are  an  estimated  400  people  a year  that  visit 

the  Speel  River  area  in  pleasure  craft  for  the  purpose  of  sport 
fishing. 

15.19  In  view  of  the  quality  cf  construction  and  depth  of 
dredging  proposed  for  the  project  docking  facilities,  it  is  possible 
that  the  Snettisham  project  be  made  an  occasional  stopover  point 

on  Alaska's  Marine  Highway  System.  Since  the  State's  ferries  draw 
only  about  18  feet  of  water,  they  will  easily  be  able  to  enter  the 
project  harbor  at  any  half-tide  or  better;  and  they  could  layover 
for  as  much  as  twelve  hours  permitting  tourists  to  use  available 
roads,  trails  and  camp  facilities  to  obtain  views  of  the  magnificent 
scenery  and  to  visit  project  features,  land  areas  along  the  immediate 
shoreline  will  be  available  for  recreational  use,  such  as  camping 
and  picknicking,  with  access  principally  by  boat  and  amphibious 
aircraft . 

15.20  Views  and  Interests  of  Other  Agencies.-  Representatives 
of  the  U.  S.  Forest  Service  and  Bureau  of  Reclamation  have  visited 
the  Snettisham  site,  both  powerhouse  and  reservoir  areas,  to  consider 
the  recreational  values  and  development  possibilities.  It  was  deter- 
mined that  although  the  area  has  only  limited  national  or  regional 
recreation  significance  and  boat  landing  facilities  should  be  maintained 
and  a suitable  campsite  provided  f l r recreational  use. 
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15.21  U.  S.  Forest  Service.-  In  accordance  with  the  provisions  of 
the  Memorandum  of  Agreement  by  the  Secretaries  of  the  Army  and  Agricul- 
tv^re  relative  to  management  of  land  and  water  resources  at  water  develop- 
ment projects  of  the  Corps  of  Engineers  located  within  or  partly  within 
the  National  Forest,  Appendix  B of  EM  1130-2-302,  the  U.  S.  Forest 
Service  and  the  Corps  of  Engineers  will  cooperatively  plan  the  development 
of  facilities  needed  for  recreation,  wildlife  and  other  similar  purposes 
and  which  would  be  compatible  with  the  primary  project  functions. 

Maiagement  of  the  land  and  the  use  and  develcpment  of  resources,  including 
water  oriented  recreation,  will  become  the  responsibility  of  the  U.  S. 
Forest  Service.  It  is  mutually  agreed  that  since  the  entire  project 

lies  within  the  U.  S.  Forest  Service  boundaries,  that  since  the  U.  S. 

Forest  Service  has  many  existing  recreation  sites  in  operation  in 
Sc atneastern  Alaska,  that  additional  sites  are  under  construction  and 
improvement  and  that  the  U.  S.  Forest  Service  has  the  qualified 
personnel  and  organization  readily  available  to  assume  this  responsibility, 
it  is  to  the  best  interest  of  the  u.  S.  Government,  State  and  regional 
area  to  allow  the  T . S.  Forest  Service  primary  jurisdiction  over  any 
proposed  recreational  development  in  this  area. 

15.22  Bureau  of  Reclamation.-  Funds  were  appropriated  in  fiscal 
year  1964  for  initial  preconstruction  planning  of  the  Snettisham  project. 

In  accordance  with  the  March  1962  agreement  between  the  Department  of 
■>ttrrior  and  the  Department  of  Army,  The  Corps  of  Engineers  will  design 
and  construct  the  project  which,  upon  completicn,  will  be  operated  and 
maintained  by  the  Bureau  of  Reclamation.  The  Bureau  of  Reclamation  has 
agreed  that  the  U.  S.  Forest  Service  be  authorized  the  responsibility 

of  operating  and  maintaining  all  project  features  pertaining  to  public 
needs  for  recreation,  wildlife  and  other  uses  compatible  with  the 
primary  purpose  of  the  water  storage  facility.  The  Bureau's  prime 
responsibility  will  be  to  operate  and  maintain  the  reservoirs,  pen- 
stocks, powerplant  and  transmission  lines  including  the  sale  of  power 
produced . 

15.23  Development  Considered  Necessary.-  Develcpment  by  the  Corps 
cf  Engineers  will  be  limited  to  these  facilities  that  are  to  be 
constructed  as  part  of  the  powerhouse  and  those  needed  for  construction 
purposes.  Facilities  for  visitor  viewing  inside  the  powerhouse  will 

be  part  of  the  original  design  and  construction  of  the  structure.  A 
small  boat  dock,  to  be  used  for  construction  purpcses,  will  be  left 
i- tact  for  future  use  of  recreational  boats  with  an  adjoining  stagging 
arra  to  be  cleared  and  leveled  for  tamping  purposes.  Any  other  develop- 
ment will  be  by  the  Forest  Service  cn  a programmed  basis  based  on  the 
'verall  needs  of  the  entire  .’..^neau  area  and  the  many  recreational  sites 
operated  by  the  Forest  Service. 
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SECTION  16  - real  ESTATE 


16.01  General.-  The  main  project  area  is  all  Government  owned 
land  and  consists  of  approximately  14,022  acres  which  includes  the 
environs  of  two  alpine  lakes,  Crater  r.^d  Long  Lake,  together  with  an 
area  of  the  Speel  River  flats  suitable  for  a power  generating  station 
and  housing  facilities.  An  additional  area  will  be  required  for  the 
location  of  a high-voltage  single-circuit  transmission  line  which  will 
carry  project  power  to  the  load  center  at  Juneau.  Two  general  routes 
have  been  considered  both  extending  from  the  project  area  south  to 
Mallard  Cove  after  which  one  route  would  go  overland  to  Taku  Inlet 
which  it  would  cross  by  submarine  cable  to  Bishop  Point  thence  on 
into  Juneau.  The  alternate  route  would  be  the  same  except  that  at 
Mallard  Cove  it  would  follow  the  coastline,  instead  of  crossing  over- 
land, around  to  Slocum  Inlet.  Due  to  the  construction  and  maintenance 
problems  associated  with  the  higher  elevations  reached  by  the  more 
direct  overland  route,  the  alternate  route  along  the  coastline  is 
being  recommended.  This  right-of-way  will  be  approximately  44.6  miles 
long  and  200  feet  wide  containing  some  1,083  acres.  A general  descrip- 
tion of  the  recommended  transmission  facility  is  contained  in  Section 
11.  From  its  point  of  origin  at  the  project  site  to  Bishop  Point  the 
right-of-way  is  located  entirely  upon  Government  owned  land  with  a 
possible  exception  at  Taku  Harbor  where  it  may  cross  a small  portion 
of  private  land.  From  Bishop  Point  to  the  Juneau  Townsite  Boundary, 
a distance  of  approximately  4%  miles,  the  right-of-way  is  located 
sufficiently  inland  to  avoid  all  but  some  180  feet  of  private  land. 

The  distance  from  the  Townsite  Boundary  to  the  termination  of  the 
transmission  line  near  Juneau  is  approximately  5 miles,  the  ownership 
of  which  is  held  by  private  interests  and  the  State  of  Alaska.  The 
right-of-way  extends  approximately  900  feet  across  privately  owned 
small  tracts,  18,600  feet  across  numerous  mineral  surveys  and  mining 
claims  most  of  which  are  patented  and  all  owned  by  Alaska-Juneau 
Industries,  Inc.,  and  14,900  feet  across  State  land.  This  State  land 
has  been  selected  and  granted  tentative  approval  which  is  tantamount 
to  ownership.  The  mineral  surveys  and  claims  are  lying  idle  and  have 
not  been  in  production  for  several  years.  As  near  as  can  be  deter- 
mined there  are  no  other  such  interests  in  either  the  main  project 
area  or  the  remainder  of  the  transmission  line  right-of-way.  The 
Juneau  substation  will  be  situated  on  a 400’  x 400'  site  approximately 
one  mile  southeast  of  the  City.  Two  tentative  locations  were  inves- 
tigated, however,  one  of  them,  the  A-J  Industries’  rock  dtjmp,  will 
not  be  considered  further  due  to  the  high  cost  of  acquisition.  The 
other  location  is  the  abandoned  City  garbage  dump  which  the  City  has 
indicated  it  would  consider  making  available  for  use  as  a substation 
site.  The  estimated  total  acreage  for  tr.e  entire  project  is 
approximately  15,109  acres  and  is  broken  down  as  follows: 
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ACRES 


FEDERAL 

STATE 

PRIVATE 

Main  Project  Area 

Transmission  Line  R/W 

Juneau  Substation 

14,022.00 

923.00 

69.00 

91.00 

4.00 

Totals 

14,945.00 

69.00 

95.00 

Grand  Total 

15,109.00 

16.02  Type  of  Acquisition.-  The  Corps  of  Engineers  is  to  acquire 
all  the  land  and  rights  necessary  for  the  Snettisham  Project  and  is  to 
construct  said  project  after  which  it  will  be  turned  over  to  the  Depart- 
ment of  Interior,  Bureau  of  Reclamation,  for  operation  and  maintenance. 
Land  in  the  main  project  area,  totaling  approximately  14,022  acres, 
■logether  with  923  acres  in  the  transmission  line  right-of-Way  is  under 
jurisdiction  of  the  Forest  Service,  U.  S.  Department  of  Agriculture. 

An  application  for  the  withdrawal  of  the  14,022  acres  has  been  made  with 
the  concurrence  of  the  Forest  Service.  The  transmission  line  right-of- 
way  on  Federal  land  will  be  acquired  by  use  of  Forest  Service  Construc- 
tion and  Use  Permits.  A Memorandum  of  Understanding  has  been  drawn  up 
by  the  Forest  Service  wherein  they  grant  permission  to  the  Corps  of 
Engineers  to  occupy  all  the  National  Forest  land  necessary  for  planning 
and  construction  of  the  project  while  they,  the  Forest  Service,  retain 
jurisdiction  over  as  much  of  the  described  lands  as  are  not  to  be 
occupied  for  project  purposes.  Acquisition  of  the  transmission  line 
right-of-way  across  State  and  private  lands  will  be  accomplished  by 
acquiring  permanent  easements.  Since  structures  of  a permanent  nature 
are  to  be  constructed  on  the  substation  site  this  land  will  be  acquired 
in  fee. 

16.03  Relocations.-  There  will  be  no  relocations  of  roads,  rail- 
roads, pipelines,  utilities  or  cemeteries,  etc.  The  principal  roads 

to  be  constructed  will  be  in  the  main  project  area  and  will  connect  the 
dock  area  with  the  powerplant  and  camp  areas,  a distance  of  around  two 
miles.  There  will  also  be  some  access  roads  to  the  transmission  line. 
The  camp  will  be  connected  by  road  to  a staging  area  near  Long  River. 

16.04  Resettlement.-  None. 

16.05  Real  Estate  Costs 


a.  Fee.-  No  land  is  to  be  acquired  in  fee  other  than  the 
Juneau  substation  site.  Original  interest  had  centered  on  a portion  of 
the  old  Alaska-Juneau  Industries'  rock  dump  which  is  well  located  and 
would  probably  meet  foundational  requirements.  This  rock  dump  comprises 
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around  80  acres,  is  located  a short  distance  from  downtown  Juneau  and 
has  water  frontage.  The  owners  of  this  land  intend  to  develop  it  into 
an  industrial  park,  therefore,  they  are  quite  reluctant  to  sell  any 
part  of  it  and  would  strongly  contest  any  condemnation  action.  This 
land  is  undoubtedly  of  considerable  value  as  it  is  about  the  only 
remaining  land  available  for  such  use  in  the  Juneau  area.  No  comparable 
sales  were  found,  however,  it  is  assessed  at  full  value  by  the  Borough 
Assessor  at  $.60  per  square  foot  which  would  give  a value  indication 
for  the  160,000  square  feet  of  substation  land  of  around  $96,000.  For 
these  reasons  further  consideration  of  this  property  has  been  dis- 
continued. Present  consideration  is  being  given  the  abandoned  City 
garbage  dump,  an  area  of  around  7 acres  located  approximately  3,000 
feet  southeast  of  the  rock  dump.  The  City  has  tentatively  indicated 
it  would  make  the  land  available  at  no  cost,  however,  this  has  not  been 
formalized.  The  market  value  of  this  land  is  considered  to  be  sub- 
stantially less  than  the  rock  dump  site  due  to  location  and  possible 
development  restrictions  caused  by  unstable  ground  materials.  Its 
value  is  estimated  at  around  $25,000  as  compared  with  the  rock  dump 
site  which,  once  it  begins  to  become  industrially  developed  will  no 
doubt  increase  values  in  this  area.  A more  complete  study  will  be 
made  for  Design  Memorandum  No.  11,  Real  Estate,  to  be  issued  at  a 
later  date. 

b.  Easement.-  Of  the  total  1,083  acres  in  the  trans- 
mission line  right-of-way,  it  will  be  necessary  to  acquire  permanent 
easements  covering  approximately  160  acres.  This  includes  69  acres 
of  State  land  and  91  acres  of  private  land.  All  but  5 acres  of  the 
private  land  consists  of  mineral  surveys  and  claims  owned  by  A-J 
Industries,  Inc.  The  5 acres  involves  the  crossing  of  around  four 
small  tract  ownerships  of  4 to  5 acres  each  and  a privately  owned 
U.  S.  Survey  tract.  The  actual  right-of-way  location  has  not  been 
finalized.  It  is  the  policy  of  local  power  companies  in  both  Anchorage 
and  Juneau  to  acquire  this  type  of  easement  for  no  consideration  unless 
damages  are  incurred  by  the  property  owner.  In  this  case  approximately 
100  feet  of  the  right-of-way  will  be  kept  clear  of  timber  and  brush 
for  purposes  of  maintenance  and  non-interference.  Even  though  the 
transmission  line  should  be  sufficiently  above  the  road  to  be  out  of 
sight  its  presence  and  the  clearing  of  timber  may  still  result  in  a 
loss  of  value  to  the  private  land  amounting  to  as  much  as  full  value 
for  the  land  involved.  No  sales  of  this  land  were  found,  however, 
they  are  valued  at  around  $500  per  acre  by  the  Borough  Assessor  which 
appears  reasonable.  The  mining  claims  have  been  the  property  of  A-J 
Industries  for  many  years  and  have  net  been  offered  for  sale  even  though 
they  are  not  being  operated.  The  Assessor  values  them  at  $400  for  a 
standard  claim  of  around  20  acres  or  $20  per  acre.  The  State  land  has 
not  been  valued  by  the  Assessor  and  in  all  probability  easements  can 
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be  acquired  across  it  for  little  or  no  consideration.  For  purposes  of 
this  report,  however,  it  will  be  valued  at  $25  per  acre  taking  into 
account  the  small  amount  of  merchantable  timber  involved. 

c.  Administrative  Costs.-  These  costs  are  based  upon  an 
estimate  of  the  actual  work  to  be  performed  in  acquiring  the  necessary 
real  estate  rights.  Included  are  mapping  and  surveying,  appraising, 
title  evidence,  negotiating  and  cldsing.  They  are  listed  as  follows: 


MAPPING  AND  SURVEYING  $4,000 
APPRAISING  500 
TITLE  EVIDENCE  350 
NEGOTIATING  AND  CLOSING  650 

TOTAL  $5,500 


d.  Sumnary,-  The  following  is  a summary  of  the  estimated 
real  estate  costs  as  of  this  time.  Since  the  availability  of  the  sub- 
station site  at  no  cost  to  the  Government  is  not  presently  known  its 
value  will  be  included.  A contingency  factor  of  25%  is  also  included 
to  cover  the  possibility  of  having  to  acquire  easement  rights  over 
additonal  private  land  and  to  consider  a possible  increase  in  value  from 
the  date  of  this  report  to  final  project  acquisition. 

LAND  RIGHTS 


GOVERNMENT  OWNED  LAND  - 14,945  acres  NO  COST 

(INCLUDES  923  ACRES  TRANSMISSION  LINE  R/W) 


STATE  LAND  - EASEMENT  RIGHTS  ONLY 

69.00  ACRES  (?  $25/ACRE 

$1,725.00 

PRIVATE  LAND  - EASEMENT  RIGHTS  ONLY 

86  ACRES  MINERAL  SURVEYS  (3  $20/ACRE 

1,720.00 

5 ACRES  SMALL  TRACT  OWNERSHIPS  & $500/ACRE 

2,500.00 

JUNEAU  SL^B STATION  SITE  - FEE  ACQUISITION 
TOTAL  COST  OF  LAND  RIGHTS 

25.000.00 

$30,945.00 

CONTINGENCIES  - (25%  of  $30,945) 

7,736.00 

administrative  COSTS  - 

ESTIMATED  TOTAL  OF  REAL  ESTATE  COSTS 

5.500.00 

$44,181.00 

CALLED 

$44,200.00 

i 
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16.06  Acquisition  Schedule.-  Application  has  been  made  for  the 
withdrawal  of  Federal  land  in  the  main  project  area  and  approval  is 
now  pending.  A Memorandum  of  Understanding  between  the  Alaska  District 
Engineer  and  the  Regional  Forester  involving  all  the  Federal  land 
needed  for  planning  and  construction  of  the  project  is  currently  under 
study.  It  is  presently  the  plan  to  have  the  transmission  line  right- 
of-way  and  substation  site  acquired  by  December  1966  and  no  later 
than  March  1967. 
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SECTION  17  - DESIGN  AND  CONSTRICTION  SCHEDULE 


17.01  General . - A condensed  schedule  for  design  and  construction 
of  the  first  stage  of  the  Snettisham  project  is  shown  in  Figure  20, 
based  on  the  appropriation  of  $2, 500., 000  in  construction  funds  for 
fiscal  year  1967.  Previous  project  planning  has  been  based  on  appro- 
priation of  initial  construction  funds  in  fiscal  year  1966,  with  first 
power  to  be  available  in  December  1969.  The  demand  for  power  in  the 
Juneau  area  is  increasing  steadily;  additional  diesel  generation  must 
be  added  to  the  present  system  within  the  next  year,  and  further 
additional  generation  will  be  required  in  1970;  and  the  recent  announce- 
ment by  the  U.  S.  Forest  Service  of  an  extensive  forthcoming  timber  sale 
in  Southeastern  Alaska  indicates  the  probability  of  construction  of  a 
large  wood  and  pulp  processing  plant  in  the  Juneau  area  by  1971.  These 
are  all  factors  which  emphasize  the  importance  of  maintaining  the  pre- 
viously sched..led  date  of  December  1969  for  initial  power  generation 

at  Snettisham.  The  present  schedule,  therefore,  has  been  developed 
with  that  objective,  however,  it  is  recognized  that  the  time  avail- 
able is  limited  and  that  this  will  be  a difficult  schedule  to  main- 
tain. Critical  path  scheduling  studies  are  currently  undeirway,  with 
preliminary  results  to  be  available  shortly.  It  is  believed  that  with 
the  aid  of  this  modern  tool  of  management  and  with  the  full  coopera- 
tion of  reviewing  authorities,  the  proposed  schedule  can  be  acheived. 

17.02  Design  Schedules.-  The  scheduled  submission  dates  for 
specific  design  memorandums  and  for  contract  plans  and  specifications 
have  been  revised  in  accordance  with  the  revised  construction  schedules 
described  below.  The  Preliminary  Design  Report  on  the  powerhouse,  to- 
gether with  the  plans  and  specifications  for  the  powerhouse  and  power 
equipment,  will  be  prepared  by  the  Hydro-Electric  Design  Branch  of  the 
North  Pacific  Division.  Design  Memorandum  No.  10,  Power  Intake  Works, 
and  the  plans  and  specifications  subsequent  thereto,  will  be  prepared 
jointly  by  an  Architect-Engineer  a.id  the  Alaska  District.  All  other 
design  work  will  be  performed  in-house  by  the  Alaska  District,  with 
review  by  a Board  of  Consultants. 

17.03  Total  engineering  and  de-sign  costs  (exclusive  of  pre- 
authorization funds)  are  estimated  at  $3,200,000  for  the  first  stage 
and  $4,400,000  for  the  completed  project.  Of  this  amcunt  $2,005,000 
has  been  made  available  t>i rough  fiscal  year  1966  to  date.  The  remain- 
ing requirement  will  therefore  be  $1,195,000  for  the  first  stage,  and 
$2,395,000  for  the  completed  project. 

17.04  Construction  Contracts.-  Present  planning  is  based  on  con- 
struction cf  the  major  portions  of  the  project  in  two  contracts, 

Contract  A9  will  be  primarily  an  excavation  contract,  including 
excavation  of  aij.  tunnels  and  the  surge  tank,  and  the  rough  excava- 
tion for  the  powerhouse.  It  will  also  include  the  diversion-outlet 
control  structure  and  gate,  decking  facilities,  access  r:ad,s,  site 
preparation  for  the  contractor's  camp,  tailrace  channel  and  powerhouse 
area  grading.  A final  item  of  particular  importance  to  orderly  comple- 
tion of  the  project,  will  be  the  foundation  grouting  and  installation 
of  prestressir.g  tendons  for  the  dam.  Contract  A9  is  scheduled  for 
award  at  the  end  of  April  1967,  and  fer  completion  in  September  1968. 


17-05  Contract  B9,  the  second  major  construction  contract,  will 
consist  primarily  of  concrete  work.  It  will  include  the  dam,  lining  of 
all  tunnels  and  the  surge  tank.  Construction  of  the  powerhouse,  instal- 
lation of  powerhouse  equipment,  the  switchyard,  and  construction  of  all 
buildings  at  the  site  will  also  be  in  this  contract.  Award  of  contract 
B9  is  scheduled  for  November  1967  and  completion  for  February  1970.  It 
will  thus  overlap  contract  A9  by  about  10  months,  and  both  contractors 
will  be  at  work  on  the  site  during  the  construction  season  of  1968.  It 
is  recognized  that  this  situation  is  likely  to  cause  problems,  particu- 
larly if  the  two  contracts  are  awarded  to  different  contractors . Con- 
sideration will  be  given  in  the  CPM  studies  currently  underway  to  the 
possibility  of  combining  both  into  a single  contract. 

17.06  The  transmission  facilities  will  be  constructed  in  three 
separate  contracts.  A contract  for  clearing  of  the  right-of-way  will  be 
awarded  in  April  1967,  and  completed  in  June  1968.  A second  contract 
for  the  submarine  cable  section  of  the  transmission  line  will  be  awarded 
in  December  1967,  and  completed  in  October  1969.  Because  of  the  unusual 
nature  of  this  work,  and  the  long  lead-time  involved  in  the  manufacture 

of  the  cables,  it  is  considered  advisable  to  place  this  item  in  a separate 
contract.  The  contract  for  the  overhead  portion  of  the  line,  including 
the  Juneau  substation,  will  be  awarded  in  April  1968,  and  completed  in 
February  1970. 

17.07  Several  procurement  contracts  will  be  required  for  the  power- 
plant  and  miscellaneous  equipment,  with  schedules  depending  upon  manufac- 
turing lead-time  and  on  installation  schedules.  The  earliest  award  dates, 
for  turbines  and  bridge  crane,  will  be  contingent  upon  appropriation  of 
construction  funds  and  upon  approval  for  advertisement  prior  to  alloca- 
tion of  such  funds.  These  contracts  are  tentatively  scheduled  for  award 
in  October  1966. 

17.08  Construction  Schedules.-  Construction  schedules  are  dis- 
cussed in  the  above  paragraphs  concerning  construction  contracts.  More 
detailed  schedules  of  the  individual  components  of  these  contracts  are 
shown  in  Figure  20.  Upon  completion  of  the  previously  discussed  CPM 
studies,  a revised  and  more  detailed  construction  schedule  will  be  sub- 
mitted by  separate  action. 

17.09  Funding  Requirements.-  In  accordance  with  the  foregoing  dis- 
cussions, fund  requirements  by  fiscal  years  for  the  first  stage  of  the 
Snettisham  Project  are  as  shown  in  the  following  tabulations: 


Funds  available  prior  to  FY  1966 
Appropriation,  Fiscal  Year  1966 
Requirement,  Additional,  FY  1966 
Requirement,  Fiscal  Year  1967 
Requirement,  Fiscal  Year  1968 
Requirement,  Fiscal  Year  1969 
Requirement,  Fiscal  Year  1970 
Requirement,  Fiscal  Year  1971 


$ 1,205,000 
800,000 

400.000 

2.500.000 
13,000,000 
14,200,000 

7.700.000 

495.000 


TOTAL 


$40,300,000 
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SECTION  18  - OPERATION  AND  MAINTENANCE 


18.01  General . - The  project  will  be  operated  and  maintained 
by  the  Bureau  of  Reclamation.  Preliminary  studies  by  that  agency 
indicate  that  all  employees  will  work  a regular  tour  of  duty  from 
Monday  through  Friday,  with  the  exception  of  the  operators  whose 
tours  will  vary  in  such  a manner  as  to  provide  24-hour  attendance. 
All  maintenance  men  will  normally  be  stationed  at  the  powerplant 
from  Monday  morning  through  Friday  afternoon.  Commercial  amphibious 
air  transportation  will  be  provided  by  the  government  each  Monday 
morning  and  Friday  evening  on  a scheduled  basis  between  Juneau  and 
Snettisham. 

18.02  The  tentative  organization  of  the  staff,  as  presently 
proposed  by  the  Bureau  of  Reclamation,  is  as  follows: 

Supervisory 

1 Project  Superintendent 
1 Administrative  Assistant 


Powerplant 

6 Powerplant  Operators 
1 Powerplant  Mechanic 
1 Powerplant  Electrician/Lineman 
1 Meter  and  Relay  Mechanic 


Transmission 

1 Lineman 
1 Groundman 

1 Heavy  Equip  Operator/Bargeman 
1 Boat  Captain 


Camp 


1 Cook 


As  shown  above,  the  staff  would  consist  of  16  men.  In  the  event  of 
an  emergency,  either  the  powerplant  or  transmission  maintenance 
crews  would  be  qualified  and  prepared  to  assist  the  others  in  restoring 
service . 


18.03  Operation,  Maintenance  and  Replacement  Costs.-  The  annual 
operation  and  maintenance  costs  are  estimated  by  the  Bureau  of 
Reclamation  to  be  $390,000  for  the  first  stage  and  would  not  increase 
with  the  addition  of  the  second  stage.  The  costs  of  interim  replace- 
ments are  estimated  to  be  $86,000  for  the  first  stage  and  $94,000  for 
the  completed  project,  based  on  information  furnished  by  the  Bureau 
of  Reclamation.  Annual  OM&R  costs  would  therefore  be  $467,000  for 
the  first  stage  and  $484,000  for  the  completed  project. 
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SECTION  19  - COORDINATION  WITH  OTHER  AGENCIES 


19.01  Bureau  of  Reclamation.-  Under  terms  of  the  authorizing 
act,  the  Department  of  Interior  will  be  responsible  for  operation 
and  maintenance  of  the  Snettisham  project  upon  its  completion.  The 
Bureau  of  Reclamation  of  that  Department  has  been  designated  as  the 
responsible  agency,  therefore,  close  coordination  has  been  required 
and  maintained  between  the  Alaska  District  offices  of  the  Bureau  of 
Reclamation  and  the  Corps  of  Engineers.  The  Bureau  of  Reclamation 
has  furnished  functional  design  criteria  for  the  transmission 
facilities,  as  well  as  all  available  background  material  relating 

to  the  pre-authorization  studies.  Numerous  conferences  and  exchanges 
of  data  and  information  have  taken  place  during  the  course  of  studies 
leading  to  preparation  of  this  design  memorandum.  All  previously 
submitted  design  memorandums  have  been  reviewed  by  the  Bureau  of 
Reclamation,  and  their  comments  thereon  have  been  incorporated  where 
applicable. 

19.02  Forest  Service.-  The  project  will  be  located  almost 
entirely  within  the  boundaries  of  the  Tongass  National  Forest. 
Management  of  the  project  lands  and  the  use  and  development  of 
resources,  Including  water  oriented  recreation,  will  become  the 
responsibility  of  the  Forest  Service  upon  completion.  Criteria  for 
land  clearing,  spoil  disposal,  and  road  and  trail  construction  has 
been  or  will  be  determined  by  the  Forest  Service.  Coordination  has 
been  maintained  through  individual  contact  and  correspondence  con- 
cerning these  matters,  as  well  as  project  land  withdrawals  and  trans- 
mission line  location.  Previously  submit'.ed  design  memorandums  have 
been  reviewed  by  the  Forest  Service,  and  their  comments  thereon  have 
been  incorporated  where  applicable. 

19.03  Fish  and  Wildlife  Interests.-  During  preparation  of  the 
Project  Document,  the  U.  S.  Fish  and  Wildlife  Service  reported  that 
it  was  believed  that  the  project  would  not  materially  affect  the 
fish  or  wildlife  resources  of  the  area.  Alaska  Department  of  Fish 
and  Game  concurred  in  these  findings.  Following  initiation  of  pre- 
construction planning,  both  agencies  were  again  contacted.  This 
General  Design  Memorandum  will  be  transmitted  to  both  Federal  and 
State  agencies  for  comment. 

19.04  Federal  Power  Commission.-  The  San  Francisco  office  of 
the  Federal  Power  Commission  has  been  kept  informed  of  the  general 
status  of  the  Snettisham  project  through  correspondence  and  telephone 
contacts.  In  August  1965  the  Chairman  and  Chief  Engineer  of  FPC, 
together  with  the  Regional  Engineer  visited  the  project  site  and  were 
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briefed  on  the  planning  studies  underway.  The  FPC  furnished  power  values 
for  use  in  scoping  and  economic  analyses.  This  General  Design  Memoran- 
dum will  be  transmitted  to  the  Federal  Power  Commission  for  review  and 
comment . 

19.05  Other. - Various  other  Federal,  State  and  Local  agencies 
have  been  contacted  informally  during  the  course  of  planning  studies. 
Bonneyille  Power  Administration  shared  results  of  their  extensive  experi- 
ence in  construction  and  operation  of  transmission  lines  including  salt 
water  exposure  and  submarine  cable  installations.  The  U.  S.  Coast  and 
Geodetic  Survey  furnished  information  on  survey  monuments  and  bench 
marks.  The  U.  S.  Geological  Survey  cooperated  in  the  establishment 
of  a tide  gauge,  and  in  the  gathering  of  hydrologic  data.  The  Soil 
Conservation  Service  assisted  in  the  establishment  of  snow  courses  and 
the  u.  S.  Weather  Bureau  installed  a climatological  station  on  the  site. 
The  U.  S.  Bureau  of  Land  Management,  the  State  Division  of  Lands  and  the 
City  of  Juneau  cooperated  in  the  real  estate  studies  described  herein. 


SECTION  20  - PROJECT  COSTS 


20.01  Scope  of  Estimates.-  The  estimates  in  this  memorandum 
includes  both  initial  and  completion  phases  of  project  construction. 

The  former  includes  the  Long  Lake, dam,  power  intake  works,  the  power- 
plant  with  the  two  Long  Lake  power  units,  the  transmission  facilities, 
and  all  general  features  of  the  project.  The  latter  includes  the 
Crater  Lake  intake  works,  the  third  power  units  and  appurtenant 
equipment . 

20.02  Estimates. - Project  costs  are  summarized  by  features 
in  Table  3,  wherein  costs  of  temporary  construction  items  are  dis- 
tributed to  project  features  and  proportionate  basis  as  shown  in  Table 
4.  The  detailed  estimate  shown  in  Table  5 includes  costs  for  both 
stages  and  lists  construction  quantities  and  unit  costs  applied  to 
the  various  features  of  the  project. 

20.03  Bases  for  Estimates.-  The  majority  of  the  unit  costs 
shown  were  developed  from  detailed  studies  of  the  labor,  materials 
and  equipment  required  for  the  various  items  of  work.  For  certain 
items  for  which  full  design  details  were  not  available,  unit  costs 
were  developed  from  bid  prices  for  other  projects  in  the  Pacific 
Northwest.  All  unit  costs  based  on  projects  in  other  areas  were  con- 
verted to  estimated  Snettisham  Project  costs  by  applying  varying 
factors,  averaging  approximately  1.7,  which  includes  the  effects  of 
increased  transportation  cost,  higher  wages  and  cold  weather  con- 
struction requirements.  Costs  for  turbines,  generators  and  other 
powerplant  equipment  were  furnished  by  the  Hydro-Electric  Design  Branch 
of  the  North  Pacific  Division.  These  costs  were  adjusted  to  include 
transportation  costs  and  the  increased  cost  of  on-site  labor. 

20.04  All  costs  in  this  design  memorandum  are  based  on  estimated 
price  levels  of  October  1965.  No  escalation  of  prices  during  the  con- 
struction period  has  been  provided  for  in  the  estimates.  The  contin- 
gency allowance  added  to  the  cost  of  the  various  features  varies  from 
15  to  25  percent,  and  averages  about  20  percent  for  the  total  project. 

20.05  Lands  and  Damages.-  The  costs  of  lands  and  damages  were 
divided  between  the  features  01.  "Lands  and  Damages,"  and  07.80 
"Transmission  Plant-Lands  and  Land  Rights."  Since  all  of  the  project 
site  area  and  the  major  portion  of  the  transmission  line  route  lie 
within  the  boundaries  of  the  Tongass  National  Forest,  land  costs  will 
be  nominal.  The  Juneau  substation  and  a short  portion  of  the  trans- 
mission line  are  within  the  Juneau  townsite,  and  acquisition  from 
private  interests  will  be  required  when  final  locations  of  these  features 
have  been  determined.  Real  estate  costs  are  explained  in  detail  in 
Section  16,  and  summarized  in  Tables  3 and  5. 
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20.06  Ccnnparison  of  Present  Estimate  and  Latest  Approved  Estimate. - 
The  estimates  are  compared  in  the  following  tabulation  and  differences 
are  discussed  In  the  following  paragraphs; 

First  Stage  Development 
(cost  in  $1,000) 


Cost 

Acct 

No. 

Feature 

Present 

Estimate 

Oct  1965  Base 

Latest  Approved 
Estimate 

July  1965  Base 

01. 

Lands  and  Damages 

3 

20 

04.- 

Dams 

16,698 

19,435 

.1 

Main  Dam  & Spillway 

(6,463) 

(6,061) 

.3 

Outlet  Works 

(372) 

none 

.4 

Power  Intake  Works 

(9,863) 

(13,374) 

07. 

Power  Plant 

13,216 

13,964 

,1 

Powerhouse 

(1,502) 

(1,736) 

.2 

Turbines  & Generators 

(2,712) 

(3,047) 

.3 

Accessory  & Misc.  Equip., 
Tailrace 

(1,920) 

(1,466) 

.8 

Transmission  Plant 

(7,082) 

(7,715) 

08. 

Roads  and  Bridges 

2,442 

1,122 

19. 

Buildings,  Grounds  & Utilities 

814 

923 

20. 

Permanent  Operating  Equipment 

827 

580 

30. 

Engineering  and  Design 

3,200 

2,755 

31. 

Supervision  and  Administration 

3,100 

2,701 

TOTAL  COST,  FIRST  STAGE 
DEVELOPMENT 

40,300 

41,500 

Second  Stage  Development 


1 

o 

Dams 

8,412 

9,770 

.4 

Power  Intake  Works 

(8, 412'! 

(9,770) 

07. 

Power  Plant 

2,388 

3,236 

.1 

Powerhouse 

(95) 

(472) 

.2 

Turbines  and  Generators 

(1,555) 

(1,706) 

.3 

Accessory  & Misc.  Equip., 
Tailrace 

(249) 

(420) 

.8 

Transmission  Plant 

(489) 

(638) 

30. 

Engineering  and  Design 

1,200 

1,120 

31. 

Supervision  and  Administration 

1,000 

974 

TOTAL  COST,  SECOND  STAGE 
DEVELOPMENT 

13,000 

15,100 

TOTAL  PROJECT  COST,  FULL 
DEVELOPMENT 

53,300 

56,600 
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20.07  Explanation  of  Variations.-  The  principal  items  accounting 
for  the  $3,300,000  decrease  in  project  costs  indicated  above  are; 

(a)  more  detailed  investigation  and  design  has  resulted  in  reduced 
diameters  for  power  tunnels  and  penstocks;  (b)  the  decision  to  utilize 
high-strength  steel  in  the  penstocks  resulted  in  greatly  reduced  steel 
quantities;  (c)  more  complete  analysis  of  the  installed  costs  of  power- 
plant  equipment;  (d)  changes  in  the  transmission  line  route  reduced 
the  length  of  steel  tower  section;  and  (e)  more  detailed  analysis  of 
unit  costs,  based  on  latest  available  information. 

20.08  Three  additional  features  have  been  added  to  the  project 
plan  at  the  request  of  the  Bureau  of  Reclamation.  These  features  and 
the  cost  of  each  are  as  follows: 

Reservoir  outlet  works  $ 559,000 

Penstock  interconnection  173,000 

Transmission  access  roads  1,788.000 

total  $2,520,000 

20.09  The  decision  by  the  Bureau  of  Reclamation  to  forego  con- 
struction of  family  housing  at  the  site,  and  the  provision  of  a single 
dormitory  in  its  place,  resulted  in  a reduction  of  approximately 
$400,000  in  the  cost  of  the  project. 

20.10  The  principal  factors  accounting  for  the  $525,000  increase 
in  estimated  engineering  and  design  costs  are:  (a)  the  isolated 
location  of  the  project,  resulting  in  high  transportation  and  camp 
support  costs;  (b)  the  rugged  terrain,  the  dispersed  arrangement  of 
project  features  and  the  complete  lack  of  roads  and  trails,  requiring 
helicopter  support  for  practically  all  field  operations;  (c)  the 
heavy  forest  cover  which  hampers  normal  survey  activities,  and 
requires  expensive  clearing  operations  for  even  preliminary  surveys; 

(d)  although  the  cost  of  the  project  is  not  great  in  comparison  with 
many  other  multiple-purpose  projects,  it  presents  an  unusual  number 

of  factors  requiring  comparative  studies  of  alternative  plans;  (e) 
the  unusually  high  relative  cost  of  powerhouse  and  powerplant  equip- 
ment design,  resulting  from  the  fact  that  although  the  construction 
cost  of  the  plant  is  not  great  it  is  as  complex  and  requires  the 
same  degree  of  engineering  effort  as  in  the  case  of  a much  larger 
and  more  costly  plant. 

20.11  The  engineering  activities  which  have  been  performed  to 
date  have  resulted  in  considerable  reduction  in  project  costs  and 
in  added  project  accomplishments.  It  is  believed  that  additional 
savings  can  be  effected  by  continued  expansion  of  the  engineering 
program.  These  activities  constitute  Value  Engineering,  and  should 
be  so  considered  in  the  evaluation  of  overall  engineering  and  design 
costs. 


20-3 


20.12  The  increase  of  $425,000  In  the  estimated  cost  of  super- 
vision and  administration  is  principally  accounted  for  by  the  unfavorable 
conditions  of  location  and  access  discussed  in  paragraph  20.10  above. 

An  unusually  large  staff  of  inspectors  will  be  required  to  maintain 
continuity  of  observation,  with  contractors'  operations  in  progress 
at  many  locations  simultaneously.  The  provision  of  helicopter  trans- 
portation to  carry  Government  personnel  to  isolated  feature  sites, 
especially  along  the  transmission  line,  will  be  an  added  item  of  cost. 

The  supervision  and  administration  estimate  also  includes  project  and 
district  office  costs,  and  therefore  reflects  the  additional  costs  of 
these  items. 


SECTION  21  - PROJECT  BENEFITS  & ECONOMICS 


21.01  General. - Benefits  creditable  to  the  Snettisham  Project 
will  be  derived  solely  from  sale  of  power  in  the  Juneau  area. 

Optimum  development  of  the  project  includes  construction  of  a dam 

at  the  Long  Lake  outlet  which  will  raise  the  power  pool  elevation 
to  895  mean  sea  level.  Further  studies  to  be  made  prior  to  develop- 
ment of  the  Crater  Lake  phase  of  the  project,  may  indicate  the 
desirability  of  constructing  a dam  at  that  site  also.  However,  this 
memorandum  is  essentially  concerned  with  proper  development  of  the 
Long  Lake  phase.  The  paragraphs  following  summarize  and  evaluate 
benefits,  preliminary  cost  allocations  and  establish  a benefit  cost 
ratio  for  the  project. 

21.02  Power  Benefits.-  As  previously  mentioned,  all  benefits 
will  be  attributed  directly  to  power  revenue.  Studies  detailed  in 
Appendix  A show  that  Long  Lake  will  have  on-site  dependable  capacity 
of  46,700  kilowatts  and  will  produce  a gross  of  225  million  kilowatt- 
hours  per  year.  The  decision  to  make  all  generating  units  the  same 
size  results  in  provision  of  23,350  kilowatts  of  on-site  dependable 
capacity  and  a gross  annual  production  of  106  million  kilowatt-hours 
for  the  Crater  Lake  phase.  To  determine  the  at-market  values,  station 
use  and  transmission  line  losses  were  assumed  to  total  6 percent  for 
both  capacity  and  energy.  No  benefits  were  assigned  for  secondary 
energy  in  any  of  the  computations. 

21.03  Power  Market.-  All  power  or  energy  produced  by  the 
Snettisham  project  will  be  transmitted  by  45  miles  of  line  and  sub- 
marine cable  to  the  Juneau-Douglas  market  area.  Although  there  are 
definite  possibilities  of  future  heavy  industrial  use,  the  present 
assumed  use  of  the  power  will  be  primarily  utility  loads.  Very  minor 
industrial  demand  in  the  area  is  the  only  exception, 

21.04  Project  and  System  Operating  Conditions.-  The  50-year 
economical  life  of  the  project  will  span  two  general  conditions  of 
operation.  The  first  will  be  the  period  of  growth  which  spans 
approximately  13  years  from  1970  to  1983.  During  this  period  the 
three  units  will  be  brought  on  line  as  needed  with  the  project 
reaching  full  capability  in  1983.  The  second  period  is  the  remaining 
37  years  during  which  time  the  project  can  be  assumed  to  be  operating 
at  full  capacity  and  in  conjunction  with  other  projects  or  power 
producing  media.  The  project  will  be  operated  in  such  a manner  as 

to  make  maximum  use  of  the  available  water  and  the  installed  units. 
There  is  no  other  use  for  water  at  the  present  time  nor  is  one 
visualized  for  the  future.  There  are  no  water  requirements  for  fish 
passage,  supply  for  existing  streams,  irrigation  or  flood  control. 
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21.05  Power  Output  Capabilities. - 

a.  Based  on  the  project  and  system  operating  conditions,  as 
outlined  above,  the  only  restrictions  on  power  output  will  be  machine 
capability  and  demand  from  the  Juneau  area  in  conjunction  with  the  avail- 
able water  supply. 

b.  Consideration  was  given  to  the  possibility  of  putting  the 
Crater  Lake  phase  in  service  prior  to  Long  Lake;  however,  such  a proce- 
dure ' ipfoved  to  be  uneconomical.  Examination  of  Figure  19  shows  that 

if  Crater  Lake  were  added  first  in  1970  then  the  Long  Lake  phase  would 
be  required  in  1972,  less  than  three  years  later.  Such  a sequence  of 
development  would  require  both  projects  to  be  in  service  in  1972. 
Conversely,  the  recommended  schedule  will  allow  a deferment  of  the 
Crater  Lake  phase  until  1979.  Total  investment  may  therefore  be  delayed 
over  9 years  by  developing  Long  Lake  first,  as  compared  to  under  3 years 
if  Crater  were  developed  first. 


21.06  Monetary  Evaluation.-  The  at-market  power  valuation  used 
in  the  monetary  evaluation  of  the  above  generation  was  6.91  mills  per 
kilowatt-hour  for  net  primary  energy  and  $65.11  per  kilowatt-year  for 
dependable  capacity.  These  values  were  furnished  by  the  Federal  Power 
Commission  in  their  letter  of  25  February  1964,  Exhibit  2,  which  states, 
"the  value  of  hydroelectric  power  at  Juneau  based  on  cost  of  steam- 
electric  power  estimated  in  1960  was  $65.11  per  kilowatt-year  for 
dependable  capacity  plus  6.91  mills  per  kilowatt-hour  for  energy.  The 
total  unit  value  of  power  for  a 70  percent  load  factor  delivery,  amounts 
to  17.53  mills  per  kilowatt-hour.  This  value  was  based  on  financing 
of  a 49,500-kilowatt  steam-electric  plant  with  cost  of  money  at  7 per- 
cent and  with  taxes  of  6.77  percent  of  the  investment.  The  cost  for 
fuel  was  based  on  bunker  oil  at  Juneau  delivered  for  $3.20  per  barrel." 
The  present  wholesale  rate  for  all  distributor  received  power  in  the 
Juneau  area  ranges  from  17  to  27  mills  per  KWH  which  is  greater  than 
the  above  unit  value. 


21.07  Differences  from  Project  Document.-  The  difference  in  aver- 
age annual  benefits  from  project  document  are: 


Firm  Energy 
Secondary  Energy 
Total 


Project  Document 

$3,709,000 

85.000 

$3,794,000 


Present  Evaluation 

$6,029,000 

90.000 

$6,119,000 


The  major  contributions  to  the  above  61  p»ercent  increase  were: 
(1)  Different  values  for  both  energy  and  capacity. 
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(2)  Increased  energy  production  due  to  the  higher  level  of  Long 
Lake  and  slightly  higher  inflows. 

(3)  A different  method  of  computing  benefits. 

(4)  Other  minor  considerations  included  higher  efficiencies, 
more  exact  regulation  studies  and  reduction  of  waste  flow. 

21.08  Economic  Analysis  and  Justification. - 

a.  Average  annual  costs  developed  in  Appendix  A are  sum- 
marized as  follows: 

Average  Annual  Costs 


50-vear  life 


100-year  life 


Long  Lake  Phase 
Complete  Project 


$2,279,000 

$2,748,000 


$1,966,000 

$2,347,000 


b.  Benefit  computations  as  developed  in  Appendix  A are  sum- 
marized as  follows: 


Long  Lake  Phase 
Crater  Lake  Phase 
Total  Project 


Annual  Benefits 

$4,319,000 

$2,117.000 

$6,026,000 


c.  Benefit/Cost  Ratio  - Benefit-to-cost  comparisons  for 
the  recommended  project  plan  as  derived  from  the  above  values  are 
summarized  in  the  following  tabulation: 


Proiect 


50-year  life 


100-yeaf  life 


Phase 


Long  Lake 


Ann. Costs  Ann. Ben.  B/CRatio  Ann. Costs  Ann . Ben . B/CRatio 


2,279,000  4,319,000  1.90  1,966,000  4,319,000  2.20 


Complete  Project  2,748,000  6,026,000  2.19  2,347,000  6,026,000  2.57 
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SECTION  22  - DISCUSSION,  CONCLUSIONS  AND  RECOMMENDATION 


22.01  Discussion. - The  project  plan  as  described  in  this  design 
memorandum  is  essentially  the  same  as  that  recommended  in  Design 
Memorandum  No.  3.  Alternative  studies  and  analyses  have  been  made  of 
several  features  of  the  project.  Various  methods  of  foundation 
treatment  for  the  Long  Lake  dam  were  considered,  with  the  conclusion 
that  the  use  of  steel  prestressing  tendons  to  assure  stability  of  the 
foundation  was  the  most  favorable  alternative.  The  feasibility  of  an 
underground  powerhouse  was  extensively  investigated.  Economic 
studies  indicated  that  a conventional  surface  powerhouse  would  result 
in  the  lowest  overall  cost  for  the  power  installation.  Two  alternative 
routes  for  portions  of  the  transmission  line  were  studied.  It  was 
concluded  that  the  slightly  longer  coastal  route  would  present  fewer 
construction  and  maintenance  problems  than  the  previously  recommended 
overland  route,  and  that  it  would  be  significantly  less  costly.  A 
number  of  minor  revisions  in  the  location  and  characteristics  of  specific 
features  resulted  from  more  detailed  investigations  and  design  analyses. 
It  is  proposed  that  the  project  be  constructed  in  two  stages.  The 
second  stage,  consisting  of  the  Crater  Lake  power  intake  works  and 
completion  of  the  power  installation,  will  be  deferred  for  a period 
dependent  upon  the  growth  of  the  market  for  project  power. 

22.02  Conclusions. - It  is  concluded  that  the  project  plan  as 
described  in  this  design  memorandum,  and  as  discussed  above,  represents 
the  most  favorable  combination  of  alternatives  which  could  be  developed. 
It  includes  a concrete  gravity  dam  at  Long  Lake,  with  a minimum  of 
excavation,  and  with  prestressing  tendons  as  required  to  assure 
stability  of  the  foundation;  a conventional  surface  powerhouse  with 
underground  penstocks;  and  a coastal  route  for  the  transmission  line. 

22.03  Recommendation. - The  District  Engineer  recommends  that 
the  first  stage  of  the  Snettisham  project  be  approved  for  construction 
in  general  accordance  with  the  plans  and  designs  presented  in  this 
General  Design  Menorand'im. 
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TABLE  1 


1 

1 

1 

S.40;JMLLT  CO.'U’UTATiajS  WITil  PROBABLE  MUIMUM  PRECIPITATlQj  OCCURRING  qj  j 


Solar 

Mean 

Dew 

IVind 

Solar 

Date 

Radiation 

Dai  ly 

Point 

Velocity 

Radiation 

Temp 

Temp 

Ta-32 

id- 32 

Melt 

li 

Ta 

Td 

V 

t' 

‘a 

Td 

0.002441i 

0.221-; 

o.78r; 

Langley's 

"F 

“F 

MPil 

“F 

“F 

Inches 

Indies 

Indies 

Col  1 

Col  2 

Col  3 

Col  4 

Col  5 

Col  0 

Col  7 

Col  8 

Col  9 

May  16 

746 

40 

27 

18 

8 

1.82 

1.70 

. 

17 

747 

40 

31 

18 

8 

1.82 

1.76 

- 

18 

130 

45 

45 

50 

13 

13 

.32 

2.8b 

10. 14 

19 

130 

42 

42 

39 

Id 

10 

.32 

2.20 

7.80 

20 

130 

40 

40 

35 

S 

8 

.32 

1.70 

0.24 

21 

753 

41 

3b 

18 

9 

4 

1.84 

1.98 

3.12 

22 

753 

39 

36 

18 

7 

4 

1.84 

1.54 

3.12 

23 

756 

43 

36 

18 

11 

4 

1.84 

2.42 

3.12 

24 

757 

43 

36 

18 

11 

4 

1.85 

2.42 

3.12 

25 

759 

48 

30 

18 

16 

4 

1.83 

3.32 

3.12 

2b 

760 

46 

37 

18 

14 

5 

1.85 

3.08 

3.90 

27 

762 

43 

40 

18 

13 

8 

1.86 

2 . So 

0.24 

28 

763 

46 

39 

18 

14 

7 

1.86 

3.08 

5 . 4o 

29 

750 

46 

38 

35 

14 

6 

1.83 

3.08 

4.o8 

30 

700 

46 

33 

25 

14 

1 

1.71 

3.03 

.78 

31 

600 

44 

3() 

35 

12 

4 

1.46 

2.04 

3.12 

NOTES : 

1.  Column 

1,  Radiation  was 

calculated 

using  CRRliL 

Research 

Report  No. 

loO,  "Daily 

Sums 

2.  Columns  2,  3 and  4 were  taken  from  tlie  report  prepared  by  the  ilydrometeorological  Secti<^ 

3.  Columns  5 tiirougli  14  are  obtained  as  indicated  in  each  column  heading.  | 

i 

4.  Rain  for  18,  li)  and  20  May  is  4,0,  3.3  and  14.3  ind»es,  respectively. 

] 

5.  On  15  May  there  is  an  average  of  32  inches  water  equivalent  over  the  basin. 

6.  Average  basin  elevation  above  000  feet  elevation,  excluding  lake  area,  is  3000  feet.  All 

7.  Generalized  snowmelt  equation  for  an  open  area  is  M=.002441^  + .00o7v(.22'i'a  .78ij)  .1 


13.  IJ  tj  20  My\Y 


Convection 

Rain 

Total 

Conuensation 

Melt 

Snowmelt 

Melt 

.007R»l' 

Cols. . 

Col  8 

(Col  10) 

7+12+13 

♦ 

0.0007v 

X 

Col  d 

(.Col  11) 

Indies 

Inciies 

Inches 

la  dies 

Inches/dcf 

Col  Id 

Col  11 

Col  12 

Col  13 

Col  14 

1.70 

.12 

.21 

2.  J3 

1.7o 

. 12 

.21 

2. 03 

13.00 

.34 

4.42 

.20 

o .00 

10.00 

.20 

2.o0 

.31 

4.23 

8.00 

.23 

1.84 

.80 

2.00 

5.10 

.12 

.01 

2 , 45 

4.00 

.12 

.oo 

2.40 

5.54 

.12 

.00 

2 . 3 J 

5.54 

.12 

.00 

2.31 

o.o4 

.12 

. 80 

2.05 

0.08 

.12 

.84 

2.o0 

0.10 

.12 

1.00 

2.03 

8. 54 

.12 

1.02 

2. 88 

7.70 

.23 

1.78 

3.0 1 

3.  30 

.17 

. 00 

2.37 

5.7o 

.23 

1.32 

2.78 

Global  Radiation  for  Cloudless  Skies", 
on.  U.  S.  Weather  bureau. 


11  snowmelt  calculations  were  made  at  tnis  elevation. 
,0U7Rifi 
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TAULE  1 


IS51 -«6 


T/\iJLL  2 


LONG  LAKL  WATLK  QUALITY  OUSlillVATlI 


Saiiip  le 
Location 

Date 

Depth  Sediment 

Ft.  PPM 

Temp . 

’’F. 

Si02 

PPM 

Ca 

PPM 

■>K 

PPM 

Na 

PPM 

i; 

PPM 

llCU-7 

PPM 

Lowe  r 

26ilaro5 

Composite  fa 

32  surface 
30  bottom 

l.fa 

2.4 

0.4 

0.9 

0 . 3 

7 

Middle 

2fai'lar65 

Composite  4 

32  surface 
30  bottom 

1.2 

2.0 

0.2 

1.4 

0.5 

6 

Upper 

26Mar(>5 

Composite  4 

32  surface 
30  bottom 

1.4 

2.4 

0,1 

1.2 

0.4 

7 

Lo(ver 

22JU165 

Com’positc 

1.1 

2 2 

0.1 

0.8 

- 

7 

Middle 


Unpe  r 


Inflow 


II 

3 

2 

42 

II 

30 

4 

42 

II 

100 

4 

42 

II 

150 

4 

42 

II 

200 

3 

41 

II 

250 

3 

41 

II 

300 

4 

41 

II 

350 

4 

41 

400 

4 

40 

II 

450 

3 

40 

22 Jul65 

Composite 

- 

II 

5 

5 

41 

It 

50 

4 

41 

II 

100 

4 

40 

II 

150 

fa 

40 

II 

200 

4 

40 

II 

250 

5 

40 

II 

500 

5 

40 

It 

350 

4 

40 

II 

400 

5 

40 

11 

450 

4 

40 

22Julfa5 

Composite 

- 

. 

It 

5 

67  1/ 

41 

If 

50 

6 “ 

41 

It 

100 

6 

41 

It 

150 

400  2/ 

41 

22Jul65 

Surface 

10 

41 

0.8  4.0  0.5  1.1 


1.2  1.4  1.2  1.3 


8 


8 


< 
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1/  Organic  Material 

7/  Bottom  disturbed  while  samiJling 


SNETTISHAM  PROJECT,  ALASKA 

TABLE  3 - SUMMARY  COST  ESTIMATE 
Price  Level  - October  1965 


Cost 

Item  Cost 

Acct  No. 

FIRST  STAGE  mVELOPMENT 

in  $1,000 

01. 

Lands  and  Damages 

04.- 

Dams 

.1 

Main  Dam  and  Spillway 

6,463 

.3 

Outlet  Works 

372 

.4 

Power  Intake  Works  * 

9,863 

07.- 

Power  Plant 

.1 

Powerhouse 

1,502 

.2 

Turbines  and  Generators 

2,712 

.3 

Accessory  & Misc . Equipt:  Tailrace 

1,920 

.31 

Accessory  Electrical  Equipt. 

(1,116) 

.32 

Misc.  Power  Plant  Equipt. 

( 567) 

.33 

Tailrace 

( 237) 

,8- 

Transmission  Plant 

7,082 

.80 

Land  & Land  Rights 

( 42) 

.81 

Clearing  Land  & Rights  of  Way 

( 441) 

.82 

Structures  and  Improvements 

( 162) 

.83 

Station  Equipment 

(1.149) 

.84 

Towers  & Fixtures 

( 367) 

.85 

Poles  & Fixtures 

(1,029) 

.86 

Overhead  Conductors  & Devices 

(1,216) 

.88 

Submarine  Conductor  & Devices 

( 888) 

.89 

Roads  and  Trails 

(1,788) 

08. 

Roads  and  Bridges 

19. 

Buildings,  Grounds  and  Equipment 

20. 

Permanent  Operating  Equipment 

30. 

Engineering  and  Design 

31. 

Supervision  and  Administration 

TOTAL  COST,  FIRST  STAGE  DEVELOPMENT 


SECOND  STAGE  DEVELOPMENT 


04.- 

Dams 

.4 

Power  Intake  Works 

8,412 

07.- 

Power  Plant 

.1 

Powerhouse 

95 

.2 

Turbines  and  Generators 

1,555 

.31 

Accessory  Electrical  Equipment 

249 

.8 

Transmission  Plant 

489 

30. 

Engineering  and  Design 

31. 

Supervision  and  Administration 

TOTAL  COST,  SECOND  STAGE  DEVELOPMENT 
TOTAL  PROJECT  COST,  FULL  DEVELOPMENT 


Feature  Cost 
in  $1.000 

3 

16,698 


13,216 


2,442 

814 

827 

3,200 

3.100 

40,300 


8,412 

2,388 


1,200 

1.000 

13,000 

53,300 


TABLE  3 


SNETTISHAM  PROJECT,  ALASKA 


2/  Applied  to  Powerhouse  cost. 


SNETTISHAM  PROJECT,  ALASKA 

TABLE  5 - DETAILED  COST  ESTIMATE 
Price  Level  - October  1965 


FIRST  STAGE  DEVELOPMENT 


Unit 


Feature  or  Item 

Unit 

Quantity 

Price 

Amount 

LANDS  AND  DAMAGE 

TOTAL  COST,  LANDS  AND  DAMAGE 

$ 

3,000 

DAMS 

Main  Dam  and  Spillway 

Mobilization  and  Demobilization 

Job 

1 

275,000 

Excavation,  Rock 

CY 

1,920 

$ 5.50 

10,600 

Foundation  Preparation 

SY 

5,520 

8.25 

45,500 

Drilling  Drain  Holes 

LF 

12,350 

9.90 

122,300 

Foundation  Grouting 

CF 

9,000 

6.60 

59,400 

Concrete 

Mass 

CY 

65,040 

40.70 

2,647,100 

Structural 

CY 

130 

88.00 

11,400 

Cement 

Bol 

49,000 

14.30 

700,700 

Reinforcing  Steel 

Lb 

75,000 

0.24 

18,000 

Miscellaneous  Metal 

Lb 

20,000 

1.05 

21,000 

Prestressing  Tendons,  Installed 
Subtotal 

Contingencies  15% 

Total  Cost,  Main  Dam  and  Spillway 

LF 

60,000 

12.87 

$ 

772,200 

4,683,200 

702,800 

5,386,000 

Outlet  Works 

Outlet  Tunnel 

Excavation 

CY 

1,590 

$ 55.00 

$ 

87,500 

Concrete,  Lining 

CY 

700 

71.50 

50,100 

Cement 

Bbl 

1,050 

14.30 

15,000 

Reinforcing  Steel 

Lb 

152,400 

0.24 

36,600 

Rock  Bolts 

Ea 

480 

49.50 

23,800 

Pressure  Grouting 

CF 

80 

6.60 

500 

Drilling  Grout  Holes 

Subtotal 

Contingencies  15% 

LF 

420 

6.60 

— 

2,800 

216,300 

32,700 

Total  Cost,  Outlet  Tunnel  $ 249,000 


TABLE  5 
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FIRST  STAGE  DEVELOPMENT.  Continued 

Feature  or  Item  Unit 


Unit 

Quantity  Price 


Amount 


DAMS,  Continued 
Outlet  Works  (continued) 


Outlet  Control  Gate 


r 

i Excavation,  Rock 

CY 

580 

$ 2.75 

$ 

1,600 

Concrete,  Structural 

CY 

80 

88.00 

7,000 

1 

j Cement 

Bbl 

120 

14.30 

1,700 

1 Reinforcing  Steel 

Lb 

4,850 

0.24 

1,200 

! Anchor  Bars 

LF 

500 

12.90 

6,500 

! Gate,  Gate  Hoists  and  Frames 

Lb 

25,000 

1.20 

30,000 

Subtotal 

48 , 000 

! Contingencies  25% 

— 

12,000 

1 Total  Cost,  Outlet  Control  Gate 

$ 

60,000 

! Total  Cost,  Outlet  Works 

$ 

309,000 

Power  Intake  Works 


Intake  Structure 

Excavation,  Lake  Sediment 

CY 

15,800 

$ 2.20 

$ 

34,800 

Excavation,  Rock 

CY 

1,200 

6.60 

7,900 

Concrete,  Structural 

CY 

1,380 

110.00 

151,800 

Cement 

Bbl 

2,070 

14.30 

29,600 

Reinforcing  Steel 

Lb 

138,000 

0.24 

33,100 

Trashrack 

Lb 

23,300 

0.83 

19,300 

Power  Tunnel  Bulkhead,  Complete 

Lb 

20,000 

1.20 

24,000 

Outlet  Tunnel  Bulkhead,  Complete  Lb 

19,700 

1.20 

23,600 

Outlet  Tunnel  Emergency  Gate, 

Complete 

Lb 

36,400 

1.20 

43,700 

Access  Bridge 

Concrete 

CY 

30 

110.00 

3,300 

Cement 

Bbl 

50 

14.30 

700 

Reinforcing  Steel 

Lb 

8,000 

0.24 

1,900 

Subtotal 

373,700 

Contingencies  20% 

— 

74,300 

Total  Cost,  Intake  Structure 

$ 

448,000 

Power  Tunnel 

Excavation,  Rock 

CY 

34,300 

$ 55.00 

$ 

1,886,500 

Concrete,  Tunnel  Lining 

CY 

15,000 

71.50 

1,072,500 

Cement 

Bbl 

22,500 

14.30 

321,800 

Reinforcing  Steel 

Lb 

2,186,000 

0.24 

524,600 

Structural  Steel  Tunnel 

Supports 

Lb 

79,000 

0.46 

36,300 

Timber  Lagging 

Mbm 

21 

550.00 

11,600 

Rock  Bolts 

Ea 

10,230 

49.50 

506,400 
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FIRST  STAGE  DEVELOPMENT.  Continued 


Unit 

Price 


Amount 


Feature  or  Item 

Unit 

Quantity 

Price 

Amount 

DAMS,  continued 

Power  Intake  Works  (continued) 

Power  Tunnel  (continued) 

Pressure  Grouting  in  Tunnel 

CF 

2,500 

$ 6.60 

$ 16 , 500 

Drilling  Grout  Holes 

LF 

5,000 

6.60 

33.000 

Subtotal 

4,409,200 

Contingencies  15% 

661,800 

Total  Cost,  Power  Tunnel 

$ 5,071,000 

Surge  Tank 

Excavation,  Rock,  Open  Cut 

CY 

4,050 

$ 16.50 

$ 66,800 

Excavation,  Shaft 

CY 

5,680 

77.00 

437,400 

Concrete,  Lining 

CY 

1,320 

88.00 

116,200 

Cement 

Bbl 

1,970 

14.30 

28,200 

Reinforcing  Steel 

Lb 

375,300 

0.24 

90,100 

Steel,  Riser  Lining  (A-516) 

Lb 

12,700 

0.66 

8,400 

Subtotal 

747,100 

Contingencies  15% 

111,900 

Total  Cost,  Surge  Tank 

$ 859,000 

Valve  Vault  and  Access  Adit 

Excavation 

Surface 

CY 

180 

$ 6.60 

$ 1,200 

Adit 

CY 

1,440 

55.00 

79,200 

Vault 

CY 

730 

71.50 

52,200 

Concrete,  Lining 

CY 

140 

71.50 

10,000 

Concrete,  Paving 

CY 

110 

55.00 

6,100 

Cement 

Bbl 

370 

14.30 

5,300 

Reinforcing  Steel 

Lb 

13,800 

0.24 

3,300 

Rock  Bolts 

Ea 

490 

49.50 

24,300 

Chain  Link  Fabric 

SF 

14,340 

0.99 

14.200 

Subtotal 

195,800 

Contingencies  15% 

29.200 

Total  Cost,  Valve  Vault  and  Access 

Adit 

$ 225,000 

Penstock 

Tunnel  Excavation 

CY 

7,260 

$ 55.00 

$ 399,300 

Concrete,  Backfill  in  Tunnel 

CY 

4,790 

71.50 

342,500 

Cement 

Bbl 

7,180 

14.30 

102,700 

Steel,  Penstock  Liner  (A-516) 

Lb 

160,000 

0.66 

105,600 

Steel,  Penstock  Liner  (A-517) 

Lb 

690,100 

0.89 

614,200 

Steel,  Tunnel  Supports 

Lb 

23,300 

0.46 

10,700 

Timber  Lagging 

Mbm 

7 

550.00 

3,900 
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FIRST  STAGE  DEVELOPMENT.  Continued 


Unit 

Feature  or  Item 

Unit 

Quantity 

Price 

Amount 

DAMS,  Continued 


Power  Intake  Works  (continued) 

Penstock  (continued) 

Wye  Branches  (A-517) 

Lb 

25,300 

$ 0.94 

$ 23,800 

Butterfly  Valve,  Complete 

Lb 

100,000 

1.93 

193,000 

Rock  Bolts 

Ea 

2,190 

49.50 

108,400 

Subtotal 

1,904,100 

Contingencies  15% 

285.900 

Total  Cost,  Penstock 

$ 2,190,000 

Penstock,  Crater  Lake,  First  Stage 

Tunnel  Excavation 

CY 

690 

$ 55.00 

$ 38,000 

Concrete,  Backfill  in  Tunnel 

CY 

140 

71.50 

10,000 

Cement 

Bbl 

210 

14.30 

3,000 

Steel,  Penstock  Liner  (A-517) 

Lb 

20,400 

0.89 

18,200 

Steel,  Tunnel  Supports 

Lb 

2,600 

0.46 

1,200 

Timber  Lagging 

Mbm 

1 

550.00 

600 

Rock  Bolts 

Ea 

250 

49.50 

12,400 

Wye  Branch  (A-517) 

Lb 

22,000 

0.94 

20,700 

Subtotal 

104,100 

Contingencies  15% 

15.900 

Total  Cost,  Penstock,  Crater  Lake, 

First  Stage 

$ 120,000 

Total  Cost,  Power  Intake  Works 

$ 8,913,000 

TOTAL  COST,  DAMS 

$14,608,000 

POWER  PLANT 

Powerhouse 

Excavation,  Rock 

CY 

9,050 

$ 6.60 

$ 59,700 

Excavation,  Common 

CY 

50 

2.20 

100 

Backfill 

CY 

500 

1.10 

600 

Concrete,  Superstructure 

CY 

2,300 

110.00 

253,000 

Concrete,  Substructure 

CY 

2,450 

30.80 

75,500 

Cement 

Bbl 

4,650 

14.30 

66,500 

Reinforcing  Steel 

Lb 

536,000 

0.24 

128,600 

Doors 

LS 

4,400 

Walls,  Ceilings  6e  Floors 

LS 

6,300 

Painting 

LS 

33,900 

Plumbing  Fixtures 

LS 

2,100 

Piping  Systems 

LS 

211,700 

Heating  & Ventilating 

LS 

45,600 
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FIRST  STAGE  DEVELOPMENT,  Continued 
Feature  or  Item 


POWER  PLANT,  continued 

Powerhouse  (continued) 
Miscellaneous  Metals 
Open-Web  Roof  Joists 
Steel  Roof  Deck 
Roofing 

Subtotal 

Contingencies  207o 
Total  Cost,  Powerhouse 
Turbines  and  Generators 


Unit 

Price 


24 

7,250 


$330.00 

0.24 


Subtotal 

Contingencies  20% 

Total  Cost,  Turbines  and  Generators 

Accessory  & Misc.  Equipment;  Tailrace 
Accessory  Electrical  Equipment 

15  KV  480V  & Control  Equipment  LS 
Misc.  Electrical  Equipment  LS 

Subtotal 

Contingencies  207o 

Total  Cost,  Accessory  Electrical  Equipment 

Miscellaneous  Power  Plant  Equipment 
75-Ton  Bridge  Crane  LS 

48"  Dresser  Couplings  Ea 

Draft  Tube  Stoplog  Lifting  Beam  LS 

3-Ton  Draft  Tube  Monorail  LS 

Draft  Tube  Gates  LS 

Draft  Tube  Gate  Guides  LS 

Fans  LS 

Misc.  Mechanical  Equipment  LS 

Subtotal 

Contingencies  20% 

Total  Cost,  Miscellaneous  Power  Plant  Equipment 


$990.00 


Amount 


$ 6,000 
7,900 
1,700 
11.700 
915,300 
182.700 

$ 1,098,000 


Turbines 

Ea 

2 

564,500 

$ 1,129,000 

Generators 

Ea 

2 

296,700 

593,400 

Governors 

Ea 

2 

55,650 

111,300 

Spherical  Valves 

Ea 

2 

121,450 

242,900 

Pressure  Relief  Valves 

Ea 

2 

91,650 

183.300 

2,259,900 

452.100 

$ 2,712,000 


$ 452,200 

477.800 

930.000 

186.000 

$ 1,116,000 


108,300 

4,000 

700 

7,700 

17,000 

42,400 

73.200 
219.500 
472,800 

94.200 

567,000 
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FIRST  STAGE  DEVELOPMENT.  Continued 


Feature  or  Item 


Unit  Quantity 


Unit 

Price 


POWER  PLANT,  Continued 


Accessory  & Misc.  Equipment;  Tailrace  (continued) 
Tailrace 


Amount 


Unclassified  Excavation 

CY 

31,800 

$ 3.85 

$ 

122,400 

Rockfill  from  Req'd  Excavation 

CY 

2,400 

2.48 

6,000 

Gravel  Base  Course 

CY 

220 

6.60 

1,500 

Riprap 

CY 

400 

8.80 

3,500 

Concrete  Lining 

CY 

220 

55.00 

12,100 

Concrete  Sill 

CY 

40 

55.00 

2,200 

Cement 

Bbl 

390 

14.30 

5,600 

Steel  Sheet  Piling 

LF 

2,700 

16.50 

44.600 

Subtotal 

197,900 

Contingencies  20% 

— 

39,100 

Total  Cost,  Tailrace 

$ 

237,000 

Total  Cost,  Accessory  & Misc.  Equipment;  Tailrace 

$ 

1,920,000 

Transmission  Plant 

Lands  & Land  Rights 

$ 

33,600 

Contingencies  257o 

— 

8.400 

Total  Cost,  Lands  & Land  Rights 

$ 

42,000 

Clearing  Land  6e  Rights  of  Way 

LS 

$ 

353,100 

Contingencies  25% 

— 

87,900 

Total  Cost,  Clearing  Land  & Rights 

of  Way 

$ 

441,000 

Structures  & Improvements 

LS 

$ 

129,800 

Contingencies  25% 

— 

32.200 

Total  Cost,  Structures  & Improvements 

$ 

162,000 

Station  Equipment 

Conduit 

LS 

$ 

35,300 

Control  Equipment 

LS 

143,000 

Conversion  Equipment 

LS 

232,700 

Fences 

LS 

21,800 

Foundations  and  Settings 

LS 

7,500 

General  Station  Equipment 

LS 

9,700 

Primary  6e  Secondary  Voltage 

Connections 

LS 

232,800 
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FIRST  STAGE  DEVELOPMENT.  Continued 


Feature  or  Item 


Unit  Quantity 


POWER  PLANT.  Continued 


Transmission  Plant  (continued) 
Station  Equipment  (continued) 
Switching  Equipment 
Tools  & Appliances 
Subtotal 

Contingencies  257. 


LS 

LS 


Total  Cost,  Station  Equipment 


Towers 

Subtotal 

Contingencies  25% 


LS 


Total  Cost,  Towers  and  Fixtures 


Poles  and  Fixtures 
Anchors 
Brackets 

Crossarms  and  Braces 
Excavation  and  Backfill 
Poles 
Settings 
Subtotal 

Contingencies  25% 


LS 

LS 

LS 

LS 

LS 

LS 


Total  Cost,  Poles  and  Fixtures 


Overhead  Conductors  and  Devices 
Conductors 

Ground  Wires  and  Clamps 
Insulators 
Other  Devices 
Subtotal 

Contingencies  257. 


LS 

LS 

LS 

LS 


Unit 

Price 


Towers  and  Fixtures 

Foundation  Excavation  and  Backfill  LS 


Total  Cost,  Overhead  Conductors  and  Devices 

LS 


Submarine  Conductors  and  Devices 
Contingencies  25% 


Total  Cost,  Submarine  Conductors  and  Devices 


Amount 


231,400 
4.600 


918,800 

230,200 


$ 1,149,000 


49,000 

244.200 


293,200 

73.800 


$ 367,000 


213,500 

68,800 

137,000 

189,600 

158,100 

56,500 


823.500 

205.500 


$ 1,029,000 


697,400 

4,400 

204,000 

66.800 


972,600 

243.400 


$ 1,216,000 


$ 710,600 

177.400 


888,000 
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FIRST  STAGE  DEVELOPMENT.  Continued 


Unit 


Unit 

Price 


Amount 


Feature  or  Item 


POWER  PLANT.  Continued 


Transmission  Plant  (continued) 
Roads  and  Trails 

Contingencies  257o 

Total  Cost,  Roads  and  Trails 

Total  Cost,  Transmission  Plant 

TOTAL  COST,  POWER  PLANT 

ROADS  AND  BRIDGES 


$ 1,430,000 
358,000 

$ 1,788,000 

$ 7,082,000 

$12,812,000 


Docking  Facilities 


Dock  and  Ramp  Structure 

LS 

$ 245,000 

Excavation  and  Fill 

LS 

70,000 

Dredging 

CY 

250,000 

$ 1.05 

260,000 

Floats 

LS 

15.000 

Subtotal 

590,000 

Contingencies  20% 

118,000 

Total  Cost,  Docking  Facilities 

$ 708,000 

Access  Road 

Clearing  and  Grubbing 

LS 

$ 55,000 

Rock  Excavation 

LS 

255,000 

Earthwork 

LS 

550,000 

Surfacing 

LS 

60,000 

Riprap 

LS 

55,000 

Crater  Creek  Bridge 

LS 

95,000 

Glacier  Creek  Bridge 

LS 

50,000 

Tailrace  Channel  Bridge 

LS 

175,000 

Culverts 

LS 

150.000 

Subtotal 

1,445,000 

Contingencies  20% 

289.000 

Total  Cost,  Access  Road 

$ 1,734,000 

TOTAL  COST,  ROADS  AND  BRIDGES 

$ 2,442,000 
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FIRST  STAGE  DEVELOPMENT,  Continued 


Unit 


Feature  or  Item 

Unit 

Amount 

BUILDINGS.  GROUNDS  AND  UTILITIES 

Site  Preparation,  Streets  and  Utilities 

Clearing 

Ac 

2 

$1,650 

$ 

3,300 

Excavation,  Rock 

CY 

1,020 

6.33 

6,500 

Fill,  Rock  (from  excavation) 

CY 

17,620 

3.03 

53,400 

Fill,  Unclassified  (from  borrow) 

CY 

40,400 

1.76 

71,100 

Streets  and  Utilities 

LS 

93,500 

Subtotal 

227,800 

Contingencies  207o 

45.200 

Total  Cost,  Site  Preparation,  Streets  and 

Utilities 

$ 

273,000 

Housing  and  Service  Buildings 

Dormitory 

LS 

$ 

192,500 

Powerhouse  Office  & Shop  Bldg 

LS 

154,000 

Transmission  Maintenance  Bldg 

LS 

84,700 

Underground  Passageway 

LS 

19.800 

Subtotal 

451,000 

Contingencies  207o 

90,000 

Total  Cost,  Housing  and  Service  Buildings 

$ 

541,000 

TOTAL  COST,  BUILDINGS,  GROUNDS  AND  UTILITIES 

$ 

814,000 

PERMANENT  OPERATING  EQUIPMENT 

Transportation  Equipment 

50-foot  Personnel  and  Supply  Boat 

Ea 

1 

$ 

160,000 

60-foot  Landing  Craft 

Ea 

1 

110,000 

Station  Wagon 

Ea 

1 

4,000 

Pick-Up,  1/2- ton  4WD 

Ea 

1 

4,400 

Pick-Up,  3/4- ton  4WD 

Ea 

1 

5,000 

Tracked  Snow  Vehicles 

Ea 

2 

8,800 

17.600 

Subtotal 

301,000 

Contingencies  207o 

60,000 

Total  Cost,  Transportation  Equipment 

$ 

361,000 

Communications  Equipment 

Two-way  Radio  System 

LS 

$ 

5,500 

Interconnecting  Telephone  System 

LS 

5,500 

Carrier-Current  Communications 

System 

LS 

165.000 

Subtotal 

176,000 

Contingencies  207o 

— 

35,000 

Total  Cost,  Communications  Equipment 

$ 

211,000 
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FIRST  STAGE  DEVELOPMENT.  Continued 


Unit 


Feature  or  Item 

Unit 

Quantity 

Price 

Amount 

PERMANENT  OPERATING  EQUIPMENT.  Continued 

Miscellaneous  Operating  Equipment 

Line  Truck 

Ea 

1 

$ 

13,900 

Tractor 

Ea 

1 

30,800 

Road  Grader-Snow  Plow 

Ea 

1 

29,700 

Powerhouse  Office  Equipment 
Maintenance  & Machine  Shop 

LS 

22,000 

Tools  and  Equipment 

LS 

83,500 

Warehouse  Equipment 

LS 

16,500 

Fire  Equipment 

LS 

16.500 

Subtotal 

212,900 

Contingencies  207o 

42.100 

Total  Cost,  Miscellaneous  Operating 

Equipment 

$ 

255,000 

TOTAL  COST,  PERMANENT  OPERATING  EQUIPMENT 

$ 

827,000 

CONSTRUCTION  FACILITIES 

Diversion  Tunnel 

Excavation,  Rock 

CY 

2,700 

$ 55.00 

$ 

148,500 

Rock  Bolts 

Ea 

770 

47.30 

36,400 

Concrete,  Tunnel  Lining 

CY 

180 

71.50 

12,900 

Concrete  Plug 

CY 

130 

55.00 

7,200 

Cement 

Bbl 

470 

14.30 

6,700 

Reinforcing  Steel 

Lb 

48 , 000 

0.24 

11,500 

Pneumatic  Mortar  Lining 

SF 

6,500 

3.85 

25,000 

Welded  Wire  Mesh 

SF 

6,500 

0.57 

3,700 

Blasting  Rock  Plug 

Job 

1 

71,500 

Subtotal 

$ 

323,400 

Contingencies  257<, 

80.600 

Total  Cost,  Diversion  Tunnel 

$ 

404,000 

Temporary  Field  Facilities 

Government  Camp 

LS 

$ 

275,000 

Site  Work,  Contractor's  Camp 

LS 

137,500 

Utilities,  Contractor's  Camp 

LS 

88,000 

Field  Office  and  Laboratory 

LS 

110,000 

Communication  Facilities 

LS 

110,000 

Subtotal 

720,500 

Contingencies  207o 

144.500 

$ 865,000 


Total  Cost,  Temporary  Field  Facilities 
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FIRST  STAGE  DEVELOPMENT.  Continued 


Unit 


Feature  or  Item 


Unit  Quantity  Price 


Amount 


CONSTRUCTION  FACILITIES,  Continued 


Temporary  Access  Roads 

Access  Road,  Long  Lake  LF 

Access  Road,  Surge  Tank  LF 

Subtotal 

Contingencies  25% 


5,100  $ 99.00  $ 505,000 

4,800  99.00  475.000 

980.000 

245.000 


Total  Cost,  Temporary  Access  Roads 


$ 1,225,000 


TOTAL  COST,  CONSTRUCTION  FACILITIES 


$ 2,494,000 


TOTAL  CONSTRUCTION  COST 
ENGINEERING  AND  DESIGN 
SUPERVISION  AND  ADMINISTRATION 


$34,000,000 
$ 3,200,000 
$ 3,100,000 


TOTAL  PROJECT  COST  (First  Stage  Development  Only)  $40,300,000 

SECOND  STAGE  DEVELOPMENT 


DAMS 


Power  Intake  Works 
Intake  Structure 


Excavation,  Service  Area 

CY 

5,910 

$ 6.60 

$ 

39,000 

Excavation,  Intake  Structure 

CY 

2,340 

6.60 

15,400 

Concrete,  Structural 

CY 

302 

110.00 

33,200 

Cement 

Bbl 

403 

14.30 

5,800 

Reinforcing  Steel 

Lb 

20,000 

0.24 

4,800 

Anchor  Bars,  Drill  & Grout 

LF 

1,900 

12.87 

24,500 

Drill  30"  Diameter  Shaft 

LF 

210 

143.00 

30,000 

Steel  Shaft  Liner  & Vent 

Lb 

6,800 

1.21 

8,200 

Grout  Shaft  Liner 

CF 

380 

6.60 

2,500 

Trashrack,  Hoist  and 

Lifting  Beam 

Lb 

4,000 

1.21 

4,800 

Intake  Gate,  Frame,  Guides 

and  Hoist 

Lb 

97,500 

1.21 

118,000 

Subtotal 

286,200 

Contingencies  25% 

69,800 

Total  Cost,  Intake  Structure 

$ 

356,000 

Power  Tunnel 

Tunnel  Excavation 

CY 

17,460 

$ 55.00 

$ 

960,000 

Concrete,  Tunnel  Lining 

CY 

11,200 

71.50 

800,800 

Cement 

Bbl 

16,800 

14.30 

240,200 

Reinforcing  Steel 

Lb 

1,632,200 

0.24 

391,700 
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SECOND  STAGE  DEVELOPMENT.  Continued 

Feature  or  Item  Unit 

DAMS,  Continued 


Power  Intake  Works  (continued) 

Power  Tunnel  (continued) 

Rock  Bolts  Ea 

Steel  Tunnel  Supports  Lb 

Timber  Lagging  Mbm 

Pressure  Grouting  in  Tunnel  CF 

Drilling  Grout  Holes  LF 

Subtotal 

Contingencies  25% 


Total  Cost,  Power  Tunnel 


Surge  Tank 

Rock  Excavation,  Open  Cut  CY 

Rock  Excavation,  Shaft  CY 

Concrete,  Shaft  Liner  CY 

Cement  Bbl 

Reinforcing  Steel  Lb 

Steel,  Riser  Lining  (A-516)  Lb 

Subtotal 

Contingencies  257o 


Total  Cost,  Surge  Tank 


Unit 


Quantity  Price  Amount 


7,200 

$ 49.50 

$ 

356,400 

66,600 

0.46 

30,600 

20 

550.00 

11,000 

2,000 

6.60 

13,200 

4,000 

6.60 

26,400 

2,830,300 

687,700 

$ 

3,518,000 

4,050 

$ 16.50 

$ 

66,800 

5,680 

77.00 

437,400 

1,320 

88.00 

116,200 

1,970 

14.30 

28,200 

375,300 

0.24 

90,100 

12,700 

0.66 

8,400 

747,100 

181,900 

$ 

929,000 

Valve  Vault  and  Access  Adit 


Excavation 


Surface 

CY 

180 

$ 

6.60 

$ 

1,200 

Adit 

CY 

1,440 

55.00 

79,200 

Vault 

CY 

730 

71.50 

52,200 

Concrete,  Lining 

CY 

140 

71.50 

10,000 

Concrete,  Paving 

CY 

110 

55.00 

6,100 

Cement 

Bbl 

370 

14.50 

5,300 

Reinforcing  Steel 

Lb 

13,800 

0.24 

3,300 

Rock  Bolts 

Ea 

490 

49.50 

24,300 

Chain  Link  Fabric 

SF 

14,340 

0.99 

14,200 

Subtotal 

195,800 

Contingencies  257o 

— 

48,200 

Total  Cost,  Valve  Vault  and  Access 

Adit 

$ 

244,000 

Penstock 

Tunnel  Excavation 

CY 

5,250 

$ 

55.00 

$ 

288,800 

Concrete,  Backfill  in  Tunnel 

CY 

4,030 

71.50 

288,100 

Cement 

Bbl 

6,040 

14.30 

86,400 

Steel,  Penstock  Liner  (A-516) 

Lb 

89,000 

0.66 

58,700 
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SECOND  STAGE  DEVELOPMENT.  Continued 

FcotuTc  or*  Xteiu  Unit 


Unit 

Quantity  Price 


Amount 


DAMS,  Continued 

Power  Intake  Works  (continued) 
Penstock  (continued) 

Steel,  Penstock  Liner  (A-517) 
Steel  Tunnel  Supports 
Timber  Lagging 
Rock  Bolts 

Butterfly  Valve,  Complete 
Subtotal 

Contingencies  257o 
Total  Cost,  Penstock 
Total  Cost,  Power  Intake  Works 
TOTAL  COST,  DAMS 
POWER  PLANT 
Powe rhouse 

Concrete  Substructure 
Cement 

Piping  System 
Heating  & Ventilating 
Subtotal 

Contingencies  25% 

Total  Cost,  Powerhouse 

Turbines  and  Generators 
Turbine 
Generator 
Governor 

Spherical  Valves 
Pressure  Relief  Valve 
Subtotal 

Contingencies  25% 

Total  Cost,  Turbines  and  Generators 


Lb 

610,000 

$ 0.89 

$ 

542,900 

Lb 

15,540 

0.46 

7,100 

Mbm 

4 

550.00 

2,200 

Ea 

1,790 

49.50 

88,600 

Lb 

60,000 

1.93 

115,800 

1,478,600 

359,400 

$ 

1,838,000 

$ 

6,885,000 

$ 

6,885,000 

CY 

690 

$ 30.80 

$ 

21,300 

Bbl 

1,040 

14.30 

14,900 

LS 

33,100 

LS 

7,300 

76,600 

18,400 

$ 

95,000 

Ea 

1 

$ 

564,500 

Ea 

1 

296,700 

Ea 

1 

55,700 

Ea 

2 

121,450 

242,900 

Ea 

1 

91.700 

1,251,500 

303,500 

$ 1,555,000 


Accessory  Electrical  Equipment 

15  KV,  480V  & Control  Equipment  LS 

Miscellaneous  Electrical  Equip.  LS 

Subtotal 

Contingencies  25% 


$ 102,100 
97,800 
199,900 
49,100 

$ 249,000 
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POWER  PLANT.  Continued 


Transmission  Plant 

LS 

$ 

393,800 

Contingencies  25% 

95.200 

Total  Cost,  Transmission  Plant 

$ 

489,000 

TOTAL  COST,  POWER  PLANT 

$ 1 

,388,000 

CONSTRUCTION  FACILITIES 

Diversion  Tunnel 

Portal  Excavation 

CY 

230 

$ 

2.75 

$ 

600 

Tunnel  Excavation 

CY 

5,180 

55.00 

284,900 

Shaft  Excavation 

CY 

1,900 

41.53 

>8,900 

Concrete,  Structural 

CY 

250 

88.00 

22,000 

Concrete  Plug 

CY 

170 

55.00 

9,400 

Cement 

Bbl 

630 

14.30 

9,000 

Reinforcing  Steel 

Lb 

19,100 

0.24 

4,600 

Gate  and  Gate  Guides 

Lb 

8,000 

1.21 

9,700 

Rock  Bolts 

Ea 

1,200 

49.50 

59,400 

Blasting  Rock  Plug 

Job 

1 

71,500 

Subtotal 

550,000 

Contingencies  25% 

134,000 

Total  Cost,  Diversion  Tunnel 

$ 

684,000 

Temporary  Access  Roads 

Access  Road,  Surge  Tank 

LF 

550 

$ 

99.00 

$ 

54,500 

Access  Road,  Crater  Lake 

LF 

6,300 

99.00 

623,700 

Subtotal 

678,200 

Contingencies  25% 

164,800 

Total  Cost,  Temporary  Access  Roads 

$ 

843,000 

TOTAL  COST,  CONSTRUCTION  FACILITIES 

$ 

527,000 

TOTAL  CONSTRUCTION  COST 

$10,800,000 

ENGINEERING  AND  DESIGN 

$ 1, 

200 , OCO 

SUPERVISION  AND  ADMINISTRATION 

$ 1. 

000,000 

TOTAL  PROJECT  COST  (Second  Stage  Development  Only) 

$13,000,000 

TOT’LL  PROJECT  COST  (Full  Development) 

$53, 

300,000 
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TABLE  6 - COST  ESTIMATES.  ALTERNATIVE  DAM  PLANS 
Price  Level  - October  1965 
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10  IS  20  25 
MARCH 


10  IS  20  25 
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SNETTISHAM  PROJECT,  ALASKA 
FIRST  STAGE  DEVELOPMENT 

SUMMARY  HYDR06RAPH 
LONG  RIVER  NEAR  JUNEAU 


U S.ARMY  ENGMEER  DISTRICT,  ALASKA 
PLANNMG  AND  REPORTS  BRANCH 
PREPARED  BY.P  ° . DATE 

)ESIGW  MEMO  NO.  7 


FIGURE  3 
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8.7  SUB-AREA  A 


3.7  SQ.  Ml. 

SUB-AREA  B 


3.9  SQ.  HI. 
SUB-AREA  C 


10.8  SQ.  HI. 
SUB-AREA  D 


3.  I SQ.  Ml.  090 

SUB-AREA  E 

(LAKE  SURFACE) 


SEE  PLATE  2 FOR  DELINEATION  OF 
SUB-AREAS. 


LEGEND 

SUB-AREA  FOR  WHICH  SNOWMELT 
COMPUTATIONS  WERE  MADE  AND 
THE  ASSIGNED  SUB-AREA  NUMBER 


092  (SPILLWAY) 


A 


SUB-AREA  FOR  WHICH  RUNOFF 
COMPUTATIONS  WERE  MADE  AND 
THE  ASSIGNED  SUB-AREA  NUMBER 

LONG  LAKE  RESERVOIR  THROUGH 
WHICH  FLOWS  WERE  ROUTED 


SUMMATION  points  USED  IN  THE 
COMPUTER  PROGRAM  FOR  WHICH  FLOOl 
HYOROGRAPHS  WERE  COMPUTED 

SUMMATION  POINT,  WHICH  IS  OUT- 
FLOW OF  long  lake  reservoir. 


SNETTISHAM  PROJECT 

FIRST  STABE  DEVELOPMENT 
^ SPILLWAY  DESIGN  FLOOD 

FLOW  DIAGRAM 

U.  S.  ARMY  ENGINEER  DISTRICT,  ALASKA 
Planning  and  Raportt  Branch 
Praparad  by.CQO DaN  30^69 


DESIGN  MEMORANDUM  N0.7  FIGURE 4 


POOL  ELEV.  FLOW  IN  CFS  RAIN  EXCESS 

FEET  MLLW  _ ^ INCHES 


CORPS  OF  ENGINEERS 


U.S.  ARMY 


NOTES: 


INITIAL  BASE  FLOW  IS  DLOO  cf$  AND  FINAL 
BASE  FLOW  IS  1000  eft. 

INITIAL  POOL  ELEVATION  IS  896-3  FEET. 

THREE  DAY  PROBABLE  MAXIMUM  PkECIPITA- 
TION  IS  33.2  INCHES  AND  IS  GIVEN  IN  3 
HOURS  INCREMENTS  ON  THE  HYETOGRAPH 

LOSSES  ARE  CONSIDERED  NEGLIGABLE. 


SNETTISHAM  PROJECT 
FIRST  STAGE  DEVELOPMENT 

SEPTEMBER 
SPILLWAY  DESIGN  FLOOD 

U.  S.  ARMY  ENGINEER  DISTRICT,  ALASKA 
Planning  and  Raports  Branch 
Prtparad  bw  CGG Oala  30  SEP  65 
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22,800  CFS 


LOW 

'14.700 

hy  - 

— ^ 

s 

— 
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2.  INITIAL  POOL  ELEV- 
ATION IS  875  FEET. 


3.  INITIAL  SNOWPACK 
WATER  EQUIVALENT  IS 
B2  INCHES. 


4.  THREE  DAY  PROBABLeI 
MAXIMUM  PRECIPITATIOwf 
IS  24.4  I NCHES  AND  IS 
given  IN  3 HOUR  INCRE- 
MENTS ON  THE  HYETOGRAPH. 


5.  LOSSES  ARE  CONSIDERED 
NEGLIGABLE. 


NOTES 


I . INITIAL  BASE  FLOW 
IS  360  cfs. 


SNETTISHAM  PROJECT 
FIRST  STAGE  DEVELOPMENT 

MAY 

SPILLWAY  DESIGN  FLOOD 

U S.  AHMY  ENOINEER  DISTRICT,  ALASKA 
Planning  and  Raportt  SroMti 
Prtpartd  by  066 Data  30SEP6S 
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COAST  AND  GEODETIC  SURVEY 
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DESIGN  MEMORANDUM  NO.  7 FIGURE  12-2 


PLA 


il  component  of  stress  et  face  of  dam  (ksf) 

component  of  pressure  due  to  external  load  at  face  of  dam  (ksf) 
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DESIGN  MEMORANDUM  NO  7 FIGURE  14-5 


DESIGN  MEMORANDUM  NO.  7 FIGURE  15-1 


DESIGN  MEMORANDUM  NO.  7 RGURE  15-3 


.1 
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WT.  OF  GRANITE  » 170  pcf 
WT  OF  CONCRETES  150 pcf 
UPLIFT  REDUCTIONS  25  7o 


EL.  905.0 
(■■V  •'■I  EL  895  0 


VOL.  CONCRETE^ 
783  ft^ 


VOL.  GRANITE  =6766  ft^ 


EL.  835.0 


EL.  822.0 


EL.  773.0 


-U=238‘^ 


STATION  6+50 

MAX.  HORIZONTAL  FORCES — CONDITION  IS 


EL.  833.0 


EL.  775.0 


30^ 


-Z81kV 


RESULTANT  LOADING  DIAGRAM 


SHEAR  FRICTION  FACTOR  OF 
SAFETY  =C(ZV-U)(0.65)]+(bx  q) 
IH 

= a9l7)(065)-l- (169x2,16) 
568 

= 1.69 

WHERE  qsISpsI 
b- 169’ 


PLAN  “A" 

FOUNDATION  STABILITY  ANALYSIS 
AREAn 


DESIGN  MEMORANDUM  NO.  7 FIG, 15  A. I 


EL.  903.3 


STATION  4+00 

MAX.  HORIZONTAL  FORCES— CONDITION 


r 


DESIGN  MEMORANDUM  NO.  7 FIGURE  I6-| 


DEMAND  SHOWN  IS  NET  IN  JUNEAU. 
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O.M.  NO.  7:  general  DESIGN  HEHORANDUH 


; ACCESS  S CONSTRUCTION  FACILITIES 


D.M.  NO.  IN:  PERMANENT  OPERATING  EQUIPMENT 
O.M.  NO.  16:  DIVERSION  & OUTLET  WORKS 


10:  POWER  INTAKE  WORKS 


O.M. 

NO. 

8:  POWERHOUSE 

PRELIM.  DESIGN 

REPORT 

D.M. 

NO. 

17:  TAILRaCE  4 

POWERHOUSE  AREA 

GRADING 

D.M. 

NO. 

11: 

REAL  ESTATE 

D.M. 

NO. 

12: 

GENERAL  GEOLOGY 

S SPECS  i CONTRACTS 


111  PROCURE  TURBINES 


' PROCURE  BRIDGE  CRANE 


(3)  PROCURE  OTHER  MECH.  4 ELEC.  EQUIPMENT 


14,  PROCURE  GENERATORS 


15)  contract  A9:  ACCESS  FAC..TUNNEL4  POWERHOUSE  EXCA 


A9-1:  ACCESS  4 CONSTRUCTION  FAC.LITIES 


49-2:  DIVERSION  WORKS  4 EXCAV.  OF  OUTLET  TUNNEL 


A9-3:  EXCAVATION  OF  ACCESS  ADIT  4 POWER  TUNNEL 


XCAVATION  OF  PENSTOCK  TUNNEL 


XCAVATI ON  OF  SURGE  TANK  SHAFT 


A9-6:  EXCAVATION  FOR  POWERHOUSE 


A9-7:  TAILRACE  CHANNEL 


49 -B:  POWERHOUSE  AREA  GRADING 


AO-9:  DAM  FOUNDATION  GROUTING  4 PRESTRESSiNG 


: DAM.  TUNNEL  LINING  4 POWERHOUSE 


B9-1:  MAIN  0AM  4 SPILLWAY 


POWER  INTAKE  STRUCTURE 

LINING  OF  POWER  TUNNEL 

LINING  OF  PENSTOCK  TUNNEL4  ACCESS  VAULT  

LINING  OF  SURGE  TANK 

POWERHOUSE  STRUCTURE  4 EQUIPT.  INSTALLATION 
SWITCHYARD 


MARINE  CABLE 
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DESIGN  MEMORANDUM  NO.  7 


A 


SHOWING  ROCK  LINED  LONG  LAKE  RESERVOIR 


SHOWING  ROCK  LINED  BASIN  FOR  PRESENT  LONG  LAKE  “ FUTURE  RESERVOIR  WILL  RAISE  LAKE  80  FEET 


ib 


DAV  SIT'^  AS  SF.F-l  FROM  LFFT  aR'JTVFMT,  SHOaINIG  THF  ACOFLFRATFD  DROP  OFF  OF  ROCK  SURFACE  DO'/V.\'STRE AM  IVHIC! 
AIHEN  COMRIUED  WITH  LOW  ANGLED  JOINTS  ACROSS  DAM  SITE  RIDGE,  MAY  CREATE  A POTENTIAL  SLIDING  STABILITY 
PROBLEM. 


w Js  1 * ^ 

SHOWING  ROCK  BLASTED  OUT  OF  ONE  OF  THE  PROMINENT  LOW  ANGLED  JOINTS  TO  GIVE  FRESH  EXPOSURE  OF  MATERIAL 
ON  JOINT  SURFACE.  DRILL  RIG  AT  LOCATION  DH-49. 


SHOWING  CLOSE  UP  OF  LOW  ANGLE  JOINT  EXPOSURE  (PHOTO  7 ABOVE^.  MATERIAL  IMMEDIATELY  SURROUNDING  JOINT 
IS  A DECOMPOSED  GRANITE  OR  GRUS  ( TAN  IS  ESTIMATED  AT  0.65^. 


Eft® 

MHBVKm 'j 

"’rt 

*^bKSv' 

Am. *^1^0 

SHOWING  TRACES  OF  LOW-ANGLED  JOINTS  (ELEV.  785*)  OUTCROPPING  ON  DOWNSTREAM  FACE  OF  THE  DAM  SITE  RIDGE 
SCUBA  DIVER- GEOLOGISTS  HAVE  REPORTED  SIMILAR  LOW-ANGLED  JOINT  TRACES  ON  THE  UPSTREAM  UNDER- 
WATER FACE  OF  THE  DAM  SITE  RIDGE.  ( SEE  PHOTO  13  ) VIEW  SHOWN  IS  IN  ISLAND  AREA  OF  DAM  SITE. 


SHOWING  SCUBA  DIVER- GEOLOGIST  TEAM  FROM  SCRIPPS  INSTITUTE  °REOARING  FOR  DIVE  TRAVERSE  OF  LONG  LAKE  BOTTOM 


SHOWING  UNDERWATER  TV  CAMERA  WITH  HIGH  INTENSITY  LIGHT  ATTACHMENT 


RESERVOIR  OUTLET  TUNNEL, 


(X'JDERWATER  TV  SHOT  OF  LOW  ANGLED  JOINT  TRACE  OUTCROPPING  ON  UPSTREAM  ROCK  FACE  OF  DAM  SITE 


9^  ^si 

CONCRETE  AGGREG/'TE  AREA  "A”  OUT/KASH  FAN  «T  -EflD  OF  LONG  LAKE  SHOVING  BRUSHED  LINES  IN  PREPARATION  FOR 
DIGGING  TEST  ^ITS  IN  AN  APPROXIMATE  GRID  PATTERN. 


SHOWING  GLACIER  CREEK  AGGREGATE  DEOQSIT  AREA  "B"  WITH  TEMPORARY  GOVERNMENT  CAMP  IN  BACKGROUND 


SHOWING  GLACIER  CREEK  AGGREGATE  DE'^OSIT  AREA  "B"  NEAR  MOUTH  OF  GLACIER  CREEK 


SHOWING  CONCRETE  AGGREGATE  AREA  "C"  CONSISTING  OF  RELATIVE  FRESH  AND  UNWEATHERED  OUTCROPS  OF  QUARTZ 
DIORITE  LEDGE  ROCK  IN  A NATURAL  TERRACED  AREA  JUST  OFF  THE  LEFT  ABUTMENT  OF  DAM  SITE.  9 NOV  1964, 


CONCRETE  AGGREGATE  AREA  "C"  AFTER  BLASTING-PREPARING  TO  TAKE  BLASTED  SAMPLES  FOR  SHIPMENT  TO  N^D  TESTING 
LABORATORY  FOR  TRIAL  MIX  DESIGN  OF  MANUFACTURED  AGGREGATE. 
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OUTCROPPING  AT  CREEK  LEVEL  TO  RIGHT  OF  PICTURE 


ANALYSIS  OF  SLIDING  ON  UNDULATING  LOW  ANGLED  JOINT  SURFACE  - SETIP  WITH  10  "DOWNSTREAM"  DIP  TO  BLOCK. 
(0  IS  NEGATIVEl.  NOTE:  WEIGHT  (FORCEl  REQUIRED  TO  MOVE  LPPER  BLOCK  IS  ACTING  IN  HORIZONTAL  DIRECTION. 


ANALYSIS  OF  SLIDING  ON  UNDULATING  SURFACE  - 10  "DOWNSTREAM"  DIP  TO  BLOCK,  (0  IS  NEGATIVE).  CLOSE  UP 
OF  MODEL  SHOWING  HOW  WEIGHT  IS  SUPPORTED  ON  TWO  STEEPEST  UNDULATIONS  (28* AND  1?)  WITH  NO  CONTACT  ON 
16* UNDULATION.  OF  PARTICULAR  INTEREST  WAS  THE  RELATIONSHIP  OF  HORIZONTAL  TO  VERTICAL  FORCES  (IH/tV) 
REQUIRED  TO  JUST  START  MOVEMENT  UNDER  VARYING  CONDITIONS  OF  ECCENTRIC  LOADING  AND  CHANGING  ANGULAR 
ATTITUDE  OF  BLOCK. 


BORI 


IN  REPLY 

REFER  TO.  620 


UNITED  STATES 

DEPARTMENT  OF  THE  INTERIOR 

BUREAU  OF  RECLAMATION 

ALASKA  DISTRICT  HEADQUARTERS 

P.  O.  BOX  2567,  JUNEAU.  ALASKA  99801 

Felaruary  11,  1965 


AIRMAIL 

District  Engineer 

U.S.  Army  Engineer  District,  Alaska 
P.O.  Box  7002 
Anchorage,  Alaska  99501 

Dear  Sir: 

The  following  are  our  comments  by  item  as  requested  in  your 
December  1,  1964  letter,  reference  No.  NPAEN-PR-R: 

Paragraph  a.  Permanent  access  to  the  dam  should  be 
provided  for  wheeled  vehicles.  If  the  contractor  pro- 
vides f.  road  for  constmction  purposes,  it  should  be 
sufficient  for  our  use.  The  high  maintenance  factor 
associated  with  a tramway  should  preclude  any  thought 
of  its  use  for  operational  purposes. 

Paragraph  b.  If  a dSDi  is  to  be  constructed,  an  effort 
should  be  made  to  construct  one  in  which  gates  are  not  . 
required  for  the  spillway.  The  high  maintenance  costs 
of  gates  and  the  lack  of  need  for  controlled  spilling  of 
water  make  them  undesirable. 

Paragraph  c.  There  is  no  need  for  a vehicular  bridge 
over  either  type  of  spillway,  but  an  adequate  footbridge 
should  be  provided. 

Paragraph  d.  A low-level  outlet  in  the  dam  should  be 
provided.  If  the  tunnel  intake  is  below  the  bottom  of 
the  dam,  facilities  to  draw  the  lake  below  the  tunnel 
intake  should  be  substituted  for  the  low-level  outlet 
in  the  dam. 

Paragraph  a.  (Page  2)  A single  slot  for  the  stoplogs  and 
trash  racks  would  create  many  additional  operating  problems 
of  stacking  and  handling.  In  addition  there  is  the  serious 

EXHIBIT  1.1 


Your  references 

NPAEN-PR-R 

NPAEN-PR-P 


pocsibllity  of  trach  being  dlclodged  vhen  the  trash 
racks  are  removed  and  thereby  preventing  proper  seating 
of  the  stoplogs.  We  therefore  recommend  a separate  down- 
stream slot  for  the  stoplogs.  We  concur  ^.Ith  the  plan 
to  make  access  to  the  tunnel  available  only  from  an 
adit  near  the  surge  tank.  We  assume  that  an  air  vent 
will  be  provided  at  the  lake  end  of  the  tunnel. 

Paragraph  b.  (Page  2)  It  is  our  wish  that  two  pen- 
stocks be  pi'ovided,  one  for  each  lake.  These  pen- 
stodcs  should  be  interconnected  near  the  units  and 
valved  in  such  a manner  that  either  main  penstock  may 
be  deactivated  for  repair  or  inspection  without  causing 
the  outage  of  more  than  one  unit  in  the  entire  plant. 

Paragraph  c.  (Page  2)  Regarding  our  requirements  for 
housing  for  personnel,  we  still  have  this  subject  under 
study.  V/e  hope  to  be  able  to  provide  you  some  definite 
information  on  this  in  the  near  future. 

The  shop  and  storage  space  provided  should  be  planned 
with  the  thought  in  mind  that  the  Snettisham  plant  will 
be  isolated  from  all  means  of  transportation  for  days 
at  a time.  Also,  since  the  project  will  be  the  supplier 
of  practically  all  power  in  the  area,  we  recommend  a 
very  con^ilete  shop  with  aiz5>le  storage  space  for  spare 
parts  over  and  above  that  usually  provided. 

In  reference  to  your  December  1,  1964  letter,  reference  No.  NPAEN-PR-P, 

we  are  furnishing  the  following  comments; 

Paragraph  1 and  2 - You  may  be  assured  that  sufficient  study 
went  into  the  choosing  of  the  proper  line  voltage  and  con- 
ductor size  for  the  trancmiosion  line  to  best  meet  antici- 
pated requirements.  One  of  the  specific  responsibilities 
of  the  Bureau  of  Reclamation,  as  outlined  in  the  exchange 
of  letters  between  Assistant  Secretary  Kolum  and  Mr. 

Califano  in  September  1963,  is  the  determination  of  line 
voltage  and  conductor  size. 

Paragraph  3 - Our  plan  for  development  of  a Southeast  Alaska 
Transmission  Grid  does  not  envision  further  upgrading  of 
voltage  of  the  Snettisham- Juneau  transmission  line. 

Paragraph  4 - There  has  been  some  concern  regarding  the 
reliability  of  a single  circuit  line  from  Snettisham.  How- 
ever, considering  the  potential  reliability  problem  versus 


EXHIBIT  1.2 


r - 


cost  involved  for  a second  circuit,  it  is  our  belief  that 
only  a single,  veil  planned  and  designed  circuit  should 
be  installed  initially  with  particular  attention  b“ing 
given  to  tower  location  and  protection  in  known  slide 
areas  and  danger  trees. 

As  requested  in  the  last  paragraph  of  your  letter  there  is 
enclosed  one  reproducible  print  of  Drawings  864-D-1560,  -I562, 
and  -1566,  showing  plan-profiles  with  structure  types  and  loca- 
tions used  on  a section  of  the  Curecantl -Midway  230-kv  Trans- 
mission Line.  Also  enclosed  is  an  Abstract  of  Bids  received 
for  this  line  under  Specifications  DC-6OI3.  These  drawings, 
together  with  Specifications  DC-6OI3,  furnished  with  our  letter 
of  November  10,  1964  and  data  iXirnished  with  our  letter  of 
November  I3,  1964,  should  provide  the  principal  details  for  the 
section  of  line  requiring  steel  tower  construction.  If  there 
are  specific  details  or  applications  on  which  you  wish  to  have 
our  recommendations,  please  advise. 

We  appreciate  the  opportunity  to  comment  on  these  matters  and  hcpe 
that  the  necessary  time  taken  to  review  these  points  has  not 
caused  delay  of  your  design  memoranda. 

Sincerely  yours, 

George  N.  Pierce 
District  Manager 

Enclosures 


Federal  Power  Commission 

REGIONAL  OFFICE 


555  BATTERY  STREET.  ROOM  4t5 
SAN  FRANCISCO  I I.  CALIF. 


February  25,  1964 
AIR  MAIL 


Colonel  K.  T.  Sawyer 
District  Engineer 

U.  S.  Army  Engineer  District,  Alaska 
Corps  of  Engineers 
P.  0.  Box  7002 
Anchorage,  Alaska  99501 

Dear  Colonel  Sawyer: 

This  is  in  answer  to  your  letter  of  January  31,  1964  (your  file 
reference  NPAEN-PR-TP)  requesting  comments  on  specific  questions 
which  concern  your  study  of  the  Snettisham  Project. 

a.  The  amount  of  reserve  capacity  required  to  maintain  firm 
service  would  be  equal  to  the  largest  reduction  in  total  system  de- 
pendable capacity  which  might  result  from  an  outage  of  a generating 
unit  or  transmission  circuit  at  the  time  of  the  system  peak. 

At  the  present  time  the  power  supply  in  the  Juneau  area  con- 
sists of  small  hydroelectric  and  internal-combustion  plant  generating 
units.  The  largest  unit  is  3,500  kilowatts.  Another  unit  or  a group 
of  units , in  reserve , equal  in  capacity  to  this  unit  would  permit  loads 
to  be  served  on  a firm  basis.  No  reserve  capacity  would  be  needed  if 
some  loads  could  be  dropped  until  the  largest  unit  is  returned  to  service, 
In  the  event  of  a forced  outage. 

With  the  addition  of  generating  capacity  such  as  may  be  in- 
stalled at  the  Snettisham  Project,  firm  service  to  the  loads  would  be 
maintained  by  providing  standby  capacity  in  other  power  plants  in  the 
Juneau  area  equal  to  the  dependable  capacity  of  the  largest  project 
unit,  or  the  capacity  of  its  largest  transmission  circuit.  This 
assumes  that  the  greatest  reduction  in  the  supply  to  the  Juneau  area 
would  be  due  to  the  loss  of  a Snettisham  unit  or  line.  On  the  other 
hand,  it  is  conceivable  that  a thermal  plant  might  be  built  or  other 
hydro  installations  may  be  constructed  with  units  larger  than  installed 
at  Snettisham. 


EXHIBIT  2.1 


Colonel  K.  T.  Sawyer 


- 2 - 


February  25,  1964 


b.  No  amount  of  project  power  would  be  firm  at  the  Juneau  market 
if  delivery  is  to  be  by  one  transmission  circuit. 

c.  The  alternative  source  of  power  to  the  project  is  considered 
by  us  at  present  to  be  a privately  financed  steam-electric  plant 
located  at  Juneau  tidewater.  If  power  can  be  made  dependably  avail- 
able from  outlying  system  sources  at  a lower  market  cost,  this  cost 
would  be  a measure  of  the  value  of  project  power  at  market. 

The  value  of  hydroelectric  power  at  Juneau  based  on  cost  of 
steam-electric  power  estimated  in  I960  was  $65.11  per  kilowatt-year 
for  dependable  capacity  plus  6.91  mills  per  kilowatt-hour  for  energy. 
The  total  unit  value  of  power  for  a 70  percent  load  factor  delivery, 
amounts  to  17.53  mills  per  kilowatt-hour.  This  value  was  based  on 
financing  of  a 49,500-kilowatt  steam-electric  plant  with  cost  of 
money  at  7 percent  and  with  taxes  of  6.77  percent  of  the  investment. 
The  cost  for  fuel  was  based  on  bunker  oil  at  Juneau  delivered  for 
$3  .20  per  barrel. 

By  our  letter  of  February  lA,  1964,  you  were  furnished  at- 
steam  plant  values  for  the  southwest  area  of  Alaska  for  various  plant 
sizes . These  were  based  on  cost  of  producing  power  at  a 3 percent 
rate  of  interest  and  with  no  taxes . If  the  alternative  plant  capacity 
is  to  be  initially  comparable  in  size  to  the  Snettisham  installation, 
the  value  (because  of  the  high  cost  of  smaller  units  and  other  factors 
than  were  used  for  developing  estimates  of  values  furnished)  would  be 
somewhat  greater. 


Sincerely  yours, 


M.  Boyc^/Austln 
Regional  Engineer 


EXHIBIT  2.2 


i 

J 


LOCATION  MAP 


L EGEND 

PROPOSED  PRECIPITATION.  TEMPERATURE  B WIND  STATION 
/\  EXISTING  STREAM  GAGING  STATION 

DISCONTINUED  STREAM  GAGING  STATION 
A PROPOSED  STREAM  GAGING  STATION 
^ EXISTING  SNOW  COURSE 
^ EXISTING  AERIAL  SNOW  MARKER 
^ PROPOSED  SNOW  PRESSURE  PILLOW 
I PROPOSED  LAKE  STAGE  RECORDER 
O EXISITMO  TIDE  STAGE  RECORDER 
' A CXtSTmO  SEDIMENTATION  RANGES 
— ORAJNAQE  OIVlOE 

SUG  BASIN  OMOE 

GLACIERS  OR  PERMANENT  SNOW  FIELDS 
FULL  POOL  ELEVATION.  896 
^OAM 


DESIGN  MEMORANDUM  NO.  7 PLATE  NO.  2 


it 


LOCATION  MAP 


Contractors  Comp  Area 


SNETTISHAM  PROJECT,  ALASKA 
FIRST  STAGE  DEVELOPMENT 


GENERAL  AREA 


DESIGN  MEMORANDUM  NO.  7 PLATE  NO  I 


COMS  OF  ENGINEERS 


UMliAIIMtON 

1 

■1 

OUATeMNAHY  VOLCANIC! 

■ 

TCRTIANY  UCMMCNT* 

AND  VOtCANlCI 

1 

■ 

tOiriA  CNCTACCOU8  ON  UPNCN 
^UNAtllC  QRANrrOlO  iNTNUtIVEt 

■ 

MCtOZOlC  tEOlMCNTt  >. 

AMO  VOLCANIC* 

V 

■ 

MC*OZOlC  AMO  NALCOZOIC 
SEDIMENT* 

y 

■ 

ONCI**,  CNTSTALLINE  SCHIST, 
PMYLUrTE.ANO  MANSlE 

■ 

PMYLLITE.  ftLATE.  LIMESTONE. 

AND  OYNAMOHCTAMONNMIC 

SNETTISHAM 

PROJECT 

SCHIfT 

paleozoic  BEOIMCNTS  AND 
VOLCANIC* 

SNETTISHAM 

PROJECT 


Prince  Ru| 


U.  S.  ARMY 


U S ARMY  ENGINEER  DISTRICT.  ALASKA 
COfIM  or  CNOINCKW« 


SNETTISHAM  PROJECT,  ALASKA 
FIRST  STAGE  DEVELOPMENT 


DESIGN  MEMORANDUM  NO.  7 


PLATE  4 


ALASKA  MAP  A 


INITED  STATES 

DEPARTMENT  OF  THE  tNTERlOR 
geological  Sl  tVEY 


SK13MIC  PHOBEBILITT  »P 


(AApWd  bf  AUato  DlRtriet  - Jmiwit  \f$l  trm 
mp  pfMpar«d  bf  tt.3.  C«b%  * Qio4»tl«  9Rf^«7 
9»p)i«ab«f  19S0  And  InforMtlen  fvTDdihsd 
U^.  SbolofioAl  S«nr«7).  Revised  1 Oct.  65 
by  Alaska  District. 
lam 

0 Ro  airMetafeLl  (0  to  )«0) 

1 Minor  •treetuml  daaafo  (>«0  to  6,0) 

2*  Modorato  •traetaiMl  doMf*  6*9) 

3 Mijor  atiMBtaiMl  damfo  (6«0  to  8.6} 


I 6«6«  • «t  Xhm  RlCWnR  oeolo  of  oarUv 
eaabo  M^tudb  (opoetrw  lntonolt7)  baood  an  tao 
lo«orlt>«  of  tho  mAmm  troeo  ■■■rlltodo  osprootod 
In  Uiouoandtho  of  « Mllllaotor  uoinf  tho  short, 
period  terolon  MlMonotor.  T^o  (rootoot  rooordodi 
•ortaqioto  on  Uiio  seal#  la  8.8.  I 


PLATE  5 


set^NTEn. 


PROSPECTIVE  SOURCE 
NATURAL  AGGREGATE 


FINE  AGGREGATE 

COARSE  AGGREGATE 


(SOURCE  B) 


\ \ 

EXPLORATIONS' 


mOWCCTNC  manumoturu  aamiaatc 

SOURM  (CONTRACTOR  TO  WUtCT  R 

DEVELOP  SPECIFIC  AREA, SUBJECT  TO  APPROVAL). 


(SOURCE  C) 


qORPi  Qf 


3Eu!j 


MAJO«  JOMT  Pl^TTCO  mOM  ACKUL  mOTOS-MM  MMLI 

LEG£NO 


[tTATlOII,  THCNCtY  LMTM  TIC  AUlIK  TIA^ 


WATER  LINE 


TOPOGRAPHIC  CONTOUR 


CROSS  SECTION  LINE 


OHO, (4, 16  WERE  DRILLED  DURING  PREVIOUS  STUDIES 
OF  A 2 00  FT  HM3H  0AM 

SEE  APPENDIX  “C"  FOR  LOO  RECORDS  OF  DRILL  HOLES 


r 


% 


SCALE 


LEGEND 


ROCK  UNE 
TALUS 

QRAVEL.  0OULOCN5,SANO,  SAJ 
CONCRETE 

DRILL  HOLE,  PROJECTED  (OtAMONO  CORE) 
SlONinCANT  JOmTS 
LAKE  LEVEL 


FLOW 


oArETY  cp_  yw 
FAr  rOR 


u . .^t  * tcu  i < jraiurijK ’«a  '« y ■aKfuara  « 

ll^<  AmK  •»  # /S  J ^ur  i.“  ~ VFV| » , .r««  5W  » 


Sl„ 

Bit 


u >^-*{UM  ti  ml  W J<»  3<W4Uir»  ro'  '•JlV  41  ‘tt  »-Uf  ■«»•;•►  fA—**  fA««  v<»T' *»T*T  »■•«•«  (k»*M  smui  4 f 

pna.^  .«k.>.’  j$  wTn  T 'W  iVM  car-i::>c  «07'r  c.  /.'■■  m j m,  rm  wgn4M  jmuu.ioi  tum  • «*■  hkt  <<*•*?•'  um  i iOn  «,  m 

rn«i  I dr  Atr/r  *n  *-  jtsr  r « .’f  ub  ttv  nofta  •*  « fT>  rr-  <*1  imi 

LmMAJUS  Ji  /•»»•  •'  I**  4>  M*>  nnM  Sn.i  tfafiC  T nSilr.  l(ri^  "'«**  n*  r u*  **tt  m nmntS  i \ti  ■nmin 


It)  ww^m  ».  wp  Aft  at  rm  » n m 

W*‘^  f t-w-**  ‘TTf  L'!;’,'?'  V"?-"  -o ;. 


ff  ;c:,.'4S’.3' m?’ 


4 .•  at  mj‘i  >v^  Jim  ■rntr-.  ivm  U4fl:«;  ■ dMM  -> 

W.^ui  vv«a  Mf  .t ) utiktAjr  uu-  4uik.tTn':;,  liBBItra 
j$  :rt0  fuK  If  V muu,  nrr  ? at  rtw.  rtr-  ■WWTTr^ 
tr  4t  mu  'at  (#  n ntf  ?«:»  «*?  .’tv  no 

ru  »ifl  ■»,  ».  •■«•  tt  -•  !•  te-tf  « tr  ffWB  *-»*«»  *t*m# 

• -tl  *»"^*'>»  ••  Pt-w  ■■»'  ..  ,,  •»  *T»*i  <•  ..(  • tw  •* 

oft,  UU  -.A,. 


-•f  ««t  vwf  « J -mu  « r*»»  w-w  it  tittffvtit  tu*-.  m »*W  ft  tS  IJff  *»  **r'irf  Pt»rT\»  *»  m l««* 

t»d<^  A'.>’  tftu  ft  ft,  n(  Jitu  . ..r.  tjiji  ,t  •««<  •>  ■ ■ ' • MO* 


M fM  t^wfv  tMMir*:«  *vt  ui  T^iW-yt  it  r t rt  r rt*  t 'ft  «t*'  * tt*  tmiat  wiewtdp  iMi  ««  «rttmt'(  '«■  t tr'ttn  m 
►>«  y '^r*  «•»  *(  PdA  * w ou  ft»-o  t-m,  » m am.  m msfi  iliFTU  f wn»*ft  i ttrei  t «<  «»  !•<■• 


*^r  \p  Cl  I ^ 

^4  ' - , 

•/.  . / 

> C;/ 

f/m  l^f., ^ f}  ^ 

n. . /,  . 


/,  af>  ■ r 4. 


4 T'V 


HOdhr^tdTi;  , <5  ^r»r, 


4 a >V/ . ■/  / 


U.  S.  AtMY 


^ k ^he.  2 rnanimvm  mxkiln/ion  panf>  <<,  </°<t  r e-r/an.  ^yr/i^ 


= ZV'L-r©(Ji-*e; 
'r/ica^ 


tV  D + •S  We 
T 
* _fc 


~^k/nj  /%/nto3^J  ^Levt  £‘ " 

1/  =•  2 I/'  /i  ^ Vf^fical 

V,  (b  X.)i(^v.  Y,XL-X.)  ^ 2 V(^.  e ; 

-Vr^-  Kx^  *2.Vk.7VZ,-^/f€+  Va,  =-2Vl>,-2.Ve. 
K (X. -XJ^2V(X,-b4 


.^e) 

14  = XV 

4 - t - e. 

2 

-J 

Xi-Xx 

'Y^n  ^ 

<*‘^  *Jix^*^jCt^s]  Too  ^ 


//,  2w^*(j|  = ^ /4k/  ^iC»X^^)-Ff  +f^^ — For  iSfiXic.  E^uihhenm  Of 

,-  - ~: ; — T=^_ , Fne.  3ad^  Digrams 

H,  Scj(qk  ' - -b 


Ctj(s*fJ 


. Hx  -V  ■hJ’iif^j 

Cixj(»reJ 

n,*n,  a iH  gj  / K.=  XV 1 


wbkti/rr)  fir 


}£rieje/i^  Cif  XV  Hi  Hef  Unriynnii_l  /^uiiaah  7c  S/ir/in^  Doitlui?ttOl.  — 

/X  //  //  //  ^ 

j •/</  oK/  0^/  j^y  o^" 

I ' Coj^ir.J  L J 


(-sZx-H>*3e)j[/a  7i/(»4.(jQ>fi]Tafl^  + 75/<&K^  -h  C^irt>-3^  jjj  -t- Tan^Mjj 

, - 3(t.-Xd 


TOP  0AM  EL  90ft 


SPILLWAY  CREST  896 


TERTIARY  HOLES'^ 
29  FT  INTO  ROCK 


I 1 \ / ^EXCAVATED 

j ‘ r ROCK  LINE 

PRIMARY  MOLES'^ 

7ftFT  INTO  ROCK 


-SECONDARY  HOLES'^ 
SOFT  INTO  ROCK 


GROUTING  DIAGRAM 


UPSTREAM  ELEVATION 


SPLLWAY  CREST  895-, 


TOP  DAM  EL.  905-;^ 


DRAIN  HOLES  - 


//'EXCAVATED 
^ ROCK  LINE 


DRAIN  HOLES 


DRAINAGE  DIAGRAM 


UPSTREAM  ELEVATION 


1 


|9QQ 


\mo 


asQ 


SQQ 


ZA£t| 


TYPICAL  SECTION 


GCNCKAL  NOTES 


I CURTAIN  OROUTINO  TO  BE  DONE  BY  STAGE  GROUTING  METHODS 


2 GROUT  TAKE  ESTIMATED  AT  0 19  BAG  CEMENT  PER  LINEAL  FOOT 
OF  EX  GROUT  HOLE 

5 CURTAIN  GROUTING  REQUIRED  FOR  PLAN  B WILL  BE  ON  A GREATLY 
REDUCED  SCALE  BECAUSE  OF  EXTENSIVE  AREA  GROUTING  OVER 
FOUNDATION 


4 DRAIN  HOLES  ON  PLAN  B WILL  BE  ON  4FT  CENTERS  INSTEAD  OF 
S FT  BECAUSE  OF  TI»TER  ANTICIPATED  FOUNDATION  DUE  TO 
AREA  GROUTING 


U S ARMY  ENGINEER  DISTRICT.  ALASKA 
( >«PS  or  tNOINCCR* 


, 0 

pipltv 


SNETTiSHAM  project,  ALASKA 
FAST  STAQE  DEVELOPMENT 
LONG  LAKE  DAM  SITE- PLAN  A 

FOUNDATION  GROUTING 
AND  drainage 


% ■S'XaiAU  MAKP  . 


J- 


|p*%3P  C^ioiT 


DESIGN  memorandum  NO  7 


PLATE  IS 


cc«r$  Of  eNCiNCfts 


I SWLLWAY  CREST  EL  895/ 


TOP  OF  DAM  EL  9Q5-V 


TEHTiAPY  HOCES^ 
dOFT  INTO  ROCK 


\ ‘ '‘1 

SECONDARY  HOLES 
55  FT  INTO  ROCK 


GROUTING  DIAGRAM 
UPSTREAM  ELEVATION 


i ! ni  , I I'  \ \\\ 

i :ii  V \ \\ 


-grout  HOLES'^ 


EXCAVATED 
ROCK  UNE 


^PRIMARY  HOLES^ 
05  FT  INTO  ROCK 


TOP  OF  DAM  EL  905" 


DRAIN  HOLESa  ^ 


SPILLWAY  CREST  EL  095^  J — 


GALLERY'^.  :> 


Ui;.  : ■iiiillilnri!':  iij 

^ < - -DRAIN  HOLES  ^ 


,1  CtXCAVATED 

ROCK  line 


DRAINAGE  DIAGRAM 


UPSTREAM  ELEVATION 


U S ARMY 


%FT  MINIMUM  TO  ROCK 


NX  DRAIN  HOLES  \ I ^EX  GROUT  HOLES 

TOFT  INTO  ROCK^",  \ “js  \ 89,  55,  a JO  750 
y I FT  INTO  ROCK 


TYPICAL  SECTION 


general  notes 


L curtain  grouting  to  be  done  bt  stage  grouting  METMXS 


2 grout  take  estimated  AT  Ol5  BAG  OF  CEMENT  PER  LINEAL 
FOOT  OF  EX  GROUT  HOLE 


U S,  ARMY  ENGINEER  DISTRICT.  ALASKA 
COMH*  OF  rNOINCtItS 


SNETTISHAM  PROJECT,  ALASKA 
FIRST  STAGE  DEVELOPMENT 
LONG  LAKE  DAM  SITE'PLAN  C 
FOUNDATION  GROUTING 

and  drainage  . 


DESIGN  MEMORANDUM  NO  7 


LEGENU 


CROSS  SECTION  0 


CROSS  SECTtON  A 


CROSS  SECTION  B 


CROSS  SECTION  C 


CROSS  SECTION  F 


U S ARMY  ENGINEER  DISTRICT.  ALASKA 

OF  CNOINCCM* 


SNETTISHAM  project,  ALASKA 


FIRST  STAGE  DEVELOPMENT 


SURFACE  POWERHOUSE 
SITING  STUDIES 


wnivnio 


DESIGN  MEMORANDUM  NO  7 


PLATE  17 


' SHCAA 

Y'X^  ZO»€S-^ 

CKACT  lOCATIM 
I AT  OC^TH 


OUADTZ 

C»«TE 


•♦00  7400  e-KX)  »K>0  OKK)  »*00  9*00  0«00  M^OO  9*00  10*00  tT-fOO  a+oo 


SECTIONAL  VIEW 


U.S.  ARMY  ENGINEER  DISTRICT.  ALASKA 
conps  or  iNQiNtcit* 


9NETTISHAM  PROJECT,  ALASKA 
FIRST  STAGE  DEVELOPMENT 

UNDERGROUND  POWERHOUSE 
SITE  STUDY 


|«HIP 

DESIGN  MEMORANDUM  NO.  7 


1 


N 29*  E 


. ■ »i'  '.'A'  '■'''‘  ’"'  '-'•'  '■"  '"^ 


QUARTZ 

OlORITE 


iTEO 


POWER  TUNNEL 


HIOM  PRESSURE  WATER  SEEPAGE  ANTICIPATE 


50  + 00 


45+00 


40+00 


35+00 


30+00 


25+00 


20+00 


STEEL  SETS 
REQUIRED  jj 


/ 

/ FAULT 


GRAVEL. BOULDERS.  ETC. 
1*'®^  BEDROCK 


I HARD  COMPETENT  QUARTZ  DIORlTE  EXPECTED  IN 
NEARLY  All  PORTIONS  PENETRATED  BY  POWER  TUN- 
NEL, EXCEPT  IN  SPECIFIC  AREAS  OF  FAULT  ZONES 


A pattern  of  rock  bolts  will  be  PLACED  FROM 
SPRING  LINE  TO  SPRING  LINE  ACROSS  ARCH  OF  POWER 
TUNNEL  IMMEDIATELt  FOLLOWING  EXCAVATION  THROUGH- 
OUT length  of  tunnel  THIS  PROCEDURE  WILL  INSURE 
less  overbreak  AND  AFFORD  GREATER  SAFETY  FROM 
ROCK  FALL  (SEE  SECTION  706  IN  TEXT) 


3 OVERBREAKAGE  ESTIMATED  AT  Z5  PERCENT  WITH 
CONVENTIONAL  METHOOS  OF  TUNNELING. 


4 SEE  SECTIONS  708  8r  711  IN  TEXT  FOR  DISCUSSION  OF 
DESIGN  ROCK  RESTRAINT  AND  STATE  OF  STRESS  IN  ROCK 


CORPS  OF  ENGINEERS 


tunnel 


U S AKMY 


TUNNEL  PROFILE 


/ 


ALTERNATE  TUNNEL  PROFILE 


1 U S ARMY  ENGINEER  DtSTRICT.  ALASKA  I 

cofn»»  or  rNoiNtens 

tULi'L'Jfn 

SNETTlSHAM  PROJECT,  ALASKA 

■*  (,  S.atcf^ 

FIRST  STAGE  DEVELOPMENT 

mKXD 

/ 

DIVERSION  TUNNEL 

*’O0  XaJ6~  s 


%M((t  O* 


design  memorandum  no  7 


PLATE  22 


CjI^AVITV  AXi: 


.*.9  4*00  -50 

vrATlOW?  A.-'MiS  AX  5 O^ 


F^feOFILE 

b^:?W^J5TftEA^^  4?KI*0(3 


ft^aHT  ?Na»w 


5TATlOU^  AuPtJC  AX’^  OF  W 


P^t^iPFILE 

U^rt^EAM  u^<iVJi5  ^WUr^EAV 

SCA'^'.  I*- 40' 


’ ■ ' 

, .; 

f 


U S AkhA't 


12* 


232^ 


no/? 


fl05 

ar> 

390 

300 

SV 

3b0 

390 

640 

600 

6ZD 

60 

300 


)QO 


IQO 


MOM. 

M.  '■Ill  1 •• 

U.8.  ARMY  ENGINEER  DISTRICT.  ALASKA 

COM**  or  cNoiNmw 

-^ar 


— ' 


FIRST  STAGE  DEVEljOPMENT 
LONG  LAKE  DAM 
PLAN  "A" 

GRAVITY  DAM  BENT  AXIS 


■ -p  ^afc, 

■BEBSSWTT 


KJkt  1 Me  w 


MTI 


0 4-8-113 


DESIGN  MEMORANDUM  NO.  7 PLATE  NO  24 


-..if/-— 


COR^S  Of  CNCMSKS 


MM 

mil 

w ixpl  £,  aao 


JilDUTi  CM»itoC  ^yUiCUr 


4 «nC-£5  2¥'4  WkCTfctrj  CAtLC? 


'^(AL  ^iCWKi 


LiAXlMUW  EM^CtiMCwT  Of 

^fe^vr^C57  CAtii^ 


u s ARMY  ENGINEER  DISTRICT.  ALASKA 
COHF*  OF  INOINtKM 


SNETTISHAM  PROJECT.  ALASKA 
FIRST  STAGE  DEVELOPMENT 
LONG  LAKE  DAM 
PLAN  "B" 

GRAVITY  DAM.  PRESTRESS  FDN.  BENT  AXIS 


< >t4*y 


DESIGN  MEMORANDUM  NO  T 


PLATE  N0.25 


CORPS  OF  ENGINEER} 


hj.' 


-e; 

..OOKKdi  ‘mvr'iZM 


aar<  sk»  mis:  flA.-rs- 


-d*AJT«  iPA  y«at  2A, 


H^OFILE 

tZ)W'05Tt!iEAW 


1 

yA-- 

5 

L— 

COtPS  Of  ENGiNECitS 


V-OU^LfT  cdUTIIO, 
$»UC’wl»t 
I iUt  fUATr  t$i 


10'  tfvtwqn  Ti 


SHOwTfO  AOCK  fV.TS 

4 -O'  C'*R>  l«  •«< 


t SHOUTfO  DOCK  601  ft 

*r  4 o'cns  I*  WOT 


DIVERSION  TUNNEL  SECT|0N3 
SCAlt  V/»**f  0* 


U S.  ARMY  ENGINEER  DISTRICT.  ALASKA 
coAAa  or  KNOiNcsm 


SNETTISHAM  PROJECT,  ALASKA 
FIRST  STAGE  DEVELOPMENT 


OUTLET  a INTAKE  STRUCTURES 


DESIGN  MEMORANDUM  NO  T 


PLATE  28 


« QI^^CO  VOCB  IOltS 
m 4-0  cTn»  C4  - 


m 

*cci|Jj*s&! 


•ut  TCIVLr  VM.VC 
•'  rot'VfOUCTKM 


U.  S.  ARMY  ENGINEER  DISTRICT.  ALASKA 
COM^  or  CNOINCCM 


SNETTISHAM  PROJECT,  ALASKA 
FIRST  STAGE  DEVELOPMENT 


4CM.I  < i' 


POWER  TUNNEL  8 SURGE  TANK  DETAILS 


DESIGN  MEMORANDUM  NO.  7 


